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ELEVENTH    ANNUAL 

Report  of  the  State  Geologist* 


Iowa  Gteological  Subvey, 
Des  Moines,  December  31,  1902. 

To  Governor  Albert  B.  Cummins  and  Members  of  the  Geological 

Board : 

Gentlemen:— I  have  the  honor  to  report  that  during  the  year 
1902  the  ?7ork  of  the  Iowsl  Geological  Survey  has  been  prose- 
cuted  in  accordance  with  the  plans  approved  by  you  at  the  begin- 
ning of  the  working  season.  The  area  covered  by  the  year's 
work  has  been  larger  than  during  any  previous  year  since  the 
Survey  was  organized.  In  carrying  out  the  plan  agreed  upon,, 
the  counties  of  Kossuth,  Winnebago  and  Hancock  were  inves- 
tigated by  T.  H.  Macbride,  Mills  and  Fremont  were  surveyed 
by  J.  A.  Udden,  Mitchell  and  Chickasaw  by  S.  Calvin,  A.  G. 
Leonard  worked  in  Clayton  county  and  T.  E.  Savage  in  Tama 
and  Benton.  The  work  on  Monroe  and  Howard  was  revised  and 
the  completed  reports  on  these  counties  are  now  ready  for  publi- 
cation. Ira  A.  Williams  devoted  some  time  to  completing  the* 
field  work  on  the  clays  and  the  clay  industries  of  the  state,  and 
the  monograph  on  this  subject,  which  has  for  some  time  engaged 
the  attention  of  S.  AV.  Beyer  and  his  associates,  is  practically 
ready  for  the  printer.  The  annual  collection  of  Mineral  Statis- 
tics for  the  state,  by  S.  W.  Beyer,  one  of  the  valuable  features 
of  the  work  of  the  Survey  for  a  number  of  years,  is  continued, 
and  his  report  is  herewith  submitted.  W.  H.  Norton  has  kept 
up  the  work  of  collecting  data  from  deep  borings,  and  has  thua 
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ELEVENTH    ANNUAL 

Report  of  the  State  Geologist* 


Iowa  Geological  Subvey, 
Des  Moines,  December  31,  1902. 

To  Governor  Albert  B.  Cummins  and  Members  of  the  Geological 

Board : 

Gentlemen:— I  have  the  honor  to  report  that  during  the  year 
1902  the  work  of  the  Iowa  Geological  Survey  has  been  prose- 
cuted in  accordance  with  the  plans  approved  by  you  at  the  begin- 
ning of  the  working  season.  The  area  covered  by  the  year's 
work  has  been  larger  than  during  any  previous  year  since  the 
Survey  was  organized.  In  carrying  out  the  plan  agreed  upon,, 
the  counties  of  Kossuth,  Winnebago  and  Hancock  were  inves- 
tigated by  T.  H.  Macbride,  Mills  and  Fremont  were  sui'veyed 
by  J.  A.  Udden,  Mitchell  and  Chickasaw  by  S.  Calvin,  A.  G. 
Leonard  worked  in  Clayton  county  and  T.  E.  Savage  in  Tama 
and  Benton.  The  work  on  Monroe  and  Howard  was  revised  and 
the  completed  reports  on  these  counties  are  now  ready  for  publi- 
cation. Ira  A.  Williams  devoted  some  time  to  completing  the* 
field  work  on  the  clays  and  the  clay  industries  of  the  state,  and 
the  monograph  on  this  subject,  which  has  for  some  time  engaged 
the  attention  of  S.  AV.  Beyer  and  his  associates,  is  praxjtically 
I'eady  for  the  printer.  The  annual  collection  of  Mineral  Statis- 
tics for  the  state,  by  S.  W.  Beyer,  one  of  the  valuable  features 
of  the  work  of  the  Survey  for  a  number  of  years,  is  continued, 
and  his  report  is  herewith  submitted.  W.  H.  Norton  has  kept 
up  the  work  of  collecting  data  from  deep  borings,  and  has  thua 

(11) 
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extended  our  knowledge  of  the  manner  in  which  the  different 
formations,  as  they  pass  farther  and  farther  beneath  the  surface, 
vary  in  respect  to  thickness  and  composition.  M;  F.  Arey  served 
a&  a  volunteer  assistant  in  making  the  Survey  of  Mitchell  county 
and  rendered  acceptable  and  valuable  service. 

During  the  year  volume  XII  of  the  r^ular  series  of  reports 
was  printed  and  distributed.  The  administrative  work  of  the 
Des  Moines  office,  such  as  superintending  the  engraving  of  maps 
and  illustrations,  the  printing,  proof  reading,  binding  and  dis- 
tribution of  the  reports,  and  all  the  other  details  that  can  best 
be  supei-vised  at  the  state  capitol,  has  been  done  by  the  Assistant 
State  Geologist,  A.  G.  Leonard;  assisted  by  the  Secretary,  Miss 
Nellie  E.  Newman. 

The  work  now  ready  for  publication  embraces  Bulletin  No. 
2,  on  the  Grasses  of  Iowa,  by  L.  H.  Pammel ;  the  Clays  and  Clay 
Industries  of  Iowa,  by  S.  W.  Beyer  in  collaboration  with  Pro- 
fessors Weems,  Marston  and  others ;  and  volume  XIII  of  the  reg- 
ular series  of  reports.  For  the  principal  subject  matter  of  vol- 
ume XIII  there  are  herewith  siubmitted  reports  on  Monroe,  Tama, 
Howard,  Mitchell,  Chickasaw,  Mills,  Fremont,  Hancock,  Win- 
nebago and  Kossuth  counties.  This  is  the  largest  number  of 
counties  heretofore  reported  on  in  a  single  volume.  Mills  and 
I'remont  are  treated  by  Professor  Udden  as  a  single  area,  and 
Hancock,  Winnebago  and  Kossuth  are  grouped  together  in  one 
report  by  Professor  Macbride. 

As  usual  the  demand  for  copies  of  the  reports  has  been  far 
in  excess  of  the  supply.  The  repeated  calls  for  copies  of  the  sep- 
arate county  reports  for  use  in  connection  with  the  study  of  Phys- 
ical Geography  in  the  high  schools,  indicates  a  growing  use  of 
the  publications  of  the  Survey  in  ways  which  insures  their  high- 
est usefulness  to  the  present  and  future  citizens  of  the  state. 

The  accompanying  map  shows  the  progress  which  has  so  far 
been  made  in  detailed  areal  work.  The  counties  remaining  to 
be  covered  are  all  more  or  less  intimately  related  to  areas  that 
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have  been  studied,  and  their  investigation  can  now  be  made  with 
less  labor  than  would  be  required  if  the  ideological  structure  of 
adjacent  territory  were  wholly,  unknown.  The  collection  of  data 
for  monographs  on  coals,  building  stones  and  other  special  sub- 
jects is  progressing  as  rapidly  as  is  consistent  with  necessary 
thoroughness. 

I  have  the  honor  to  remain,  gentlemen, 
Yours  very  sincerely, 

Samuel  Calvin. 
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REPORT  OF  ASSISTANT  STATE  GEOLOGIST. 


Iowa  G£Oix)Gical.  Survey, 
Des  Moines,  December  31,  1902. 

Sir  :— I  have  the  honor  to  submit  the  following  report  upon  the 
work  of  the  past  year.  TJie  greater  part  of  my  time  during  the 
first  six  months  was  taken  up  with  the  duties  incident  to  the 
publication  of  volume  XII.  As  usual  the  regular  work  of  the 
office  included  also  the  furnishing  of  information  in  reply  to  the 
many  letters  of  inquiry  which  are  constantly  being  received. 
The  Survey  is  in  this  way  able  to  render  a  service  to  the  general 
public  and  to  the  various  companies  and  organizations  which 
are  in  search  of  infonnation  regarding  the  natural  resources  of 
Iowa. 

Early  in  March  a  trip  was  made  to  Frederika  where  indications 
of  oil  were  rei>orted  to  have  been  found.  The  sinking  of  wells 
was  discouraged  since  the  facts  did  not  seem  to  justify  the  ex- 
pense of  drilling.  The  excitement  was  so  great,  however,  that 
several  companies  put  down  holes  in  search  of  oil.  It  is  needless 
to  say  that  none  was  found.  A  trip  was  taken  to  Wapello 
county  in  June  for  the  purpose  of  examining  some  deep  cuts 
along  the  new  line  of  the  Chicago,  Burlington  and  Quincy  rail- 
road, two  miles  east  of  Ottumwa.  It  was  thought  that  these  cuts, 
some  of  which  are  fifty  or  sixty  feet  deep,  might  reveal  the  pres- 
ence of  the  older  drift  sheet  beneath  the  Kansan.  but  it  did  not 
appear  in  any  of  the  sections. 

As  soon  as  the  completion  of  the  printing  of  volume  Xli 
allowed  me  to  leave  the  office,  field  work  was  commenced  in  Clay 
ton  county  and  continued  through  August  and  September.   Much 
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of  this  county  lies  within  the  limits  of  the  driftless  area  of  north- 
eastern Iowa  and  southwestern  Wisconsin  and  for  countless  ages 
its  rocks  have  been  subjected  to  the  erosion  of  streams  and  the 
weathering  effects  of  the  atmosphere.  The  surface  is  cut  by 
deep,  picturesque  valleys  and  gorges,  along  the  sides  of  which 
are  exposed  in  succession  one  rock  formation  after  another. 
Within  this  county  there  occur  a  greater  number  of  different 
geological  formations  than  can  be  found  in  any  other  county  in 
the  state.  It  also  contains  representativejj  of  some  of  the  oldest 
strata  in  Iowa.  Some  gf  these  furnish  a  very  pure  white  sand 
suitable  for  glass  making;  other  beds  afford  excellent  limestone 
for  building  purposes  and  for  lime.  The  areal  distribution  of 
the  various  limestones,  sandstones  and  shales  is  being  carefully 
mapped  with  the  aid  of  a  topographic  map  prepared  by  the 
United  States  Geological  Survey. 

During  the  past  year  the  following  publications  have. been 
added  to  the  library  of  the  Survey. 

Mineral  Resources  of  South  Dakota.     South  Dakota  Geological  Survey, 

Bulletin  No.  3. 
Geological  Survey  of  New  Jersey.     Annual  Report  of  the  State  Geologist 

for  1901. 
Geological  Survey  of  Georgia.    Bulletin  No.  8.     Roads  and  Road  Making 

Materials  of  Georgia. 
Missouri  Botanical  Garden.     Thirteenth  Report,  1902. 
Twenty-first  Annual  Report  United  States  Geological  Survey,  Parts  II, 

III.  IV. 
Bulletin  United  States  Geological  Survey,  Nos.  177-187. 
Jahrbuch    der   Konigl,     Preussischen    geologischen    Landesanstalt    und 

Bergakademie. 
Proceedings  of  the  United  States  National  Museum,  Volume  24. 
Verhandlungen  der  Naturforschenden  Gesellschaft  in  Basel,  1901. 
Verhandlungen  der  Schweizerischen  Naturforschenden  Gesellschaft ,  1901 . 
Mittheilungen  ans  dem  Mineralogischen  Institut  der  Universitat  Bonn,  1901. 
Actes  de  la  Socict^  Helv6tique  des  Sciences  Naturelles,  1900. 
Mineral  Resources  of  New  South  Wales.     Pittman. 
Annual  Report  of  the  Minister  of  Mines,  British  Columbia,  for  1901. 
Transactions  of  the   American   Institute   of   Mining   Engineers,  Volume 

XXXI.     1902. 
Geological  Survey  of  Louisiana.     Report  of  1902. 
Wisconsin  Survey.     Bulletin  No.  VIII.     Lakes  of  Southeastern  Wisconsin. 
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AnnuAl  Report  of  the  Smitbaonian  Institntion,  1901. 
liaiyland  Geological  Survey,  Volume  IV. 
Mineral  Resources  of  Kansas,  1900  and  1901. 

Proceedings  and  Collections  of  the  Wyoming  Historical  and  Geological 
Society  for  1901. 

Very  Respectfully, 

A.  G.  Leonabd, 
Assistant  State  Geologist. 
To  Professor  Samuel  Calvts^, 

State  Geologist. 
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REPORT  OF  PROF.  W.  H.  NORTON,  IN  CHARGE 
OF  ARTESIAN  WELLS. 


Professor  Samuel  Calvin,  Ph.  D.,  State  Geologist  : 

Sib:— I  have  the  honor  to  present  the  following  report  of  the 
work  of  this  office  during  the  year  1902. 

A  complete  and  trustworthy  set  of  sample  drillings  from  the 
deep  well  at  the  Iowa  Hospital  for  the  Insane  at  Mt  Pleasant 
was  obtained  in  January,  thus  giving  u»  a  clear  geological  sec- 
tion of  the  deeper  strata  in  this  area. 

In  February  the  office  was  asked  by  the  Board  of  Control  of 
State  Institutions  to  supply  to  the  General  Assembly  an  estimate 
of  the  depth,  strata  penetrated,  probable  quantity  and  quality 
of  water,  and  cost  of  a  proposed  artesian  well  at  the  Hospital  for 
the  Insane  at  Independence.  The  detailed  estimates  submitted 
were  in  all  respects  favorable  to  the  drilling  of  the  well,  and  were 
made  with  great  confidence,  based  on  the  geology  of  the  deeper 
formations  of  the  region. 

The  Board  of  Control  also  consulted  us  on  several  occasions 
during  the  progress  of  the  work  of  sinking  the  deep  well  at  the 
Hospital  for  the  Insane  at  Cherokee,  particularly  as  to  the  ad- 
visability of  continuing  the  boring  to  greater  depths.  An  excel- 
lent record  ind  set  of  drillings  was  supplied  from  this  important 
well,  which  shed  much  light  on  the  geology  of  a  region  which  is 
so  heavily  mantled  with  drift  that  the  place  and  relations  of  its 
stratified  rocks  have  been  far  from  plain.  Within  the  moderate 
depth  of  1,070  feet  a  supply  of  abo>ut  60  gallons  per  minute  was 
secured,  and  the  thickness  of  the  Saint  Peter,  which  was  here 
found  about  70  feet  thick,  and  the  quantity  of  water  which  it  car- 
ries encourage  the  sinking  of  other  wells  in  the  region.  An  analy- 
sis of  the  water  showed  that  it  was  heavily  charged  with  minerals 
in  solution  and  clear  of  all  organic  matter,  a  result  altogether 
to  be  expected.    No  injurious  effects  are  to  be  apprehended  from 


18  ADMINISTRATIVE    REPORTS. 

its  use  at  the  hospital  as  the  minerals  dissolved  are  chiefly  cal- 
cium and  magnesium  carbonates  with  some  sodium  sulphate. 

We  were  also  consulted  during  the  year  by  the  council  of  the 
city  of  Grinnell  as  to  prosecution  of  the  work  in  drilling  a  second 
artesian  for  the  city  supply.  • 

To  this  report  as  to  artesian  wells,  I  may  add  that  early  in 
the  spring  I  was  called  to  Bremer  county,  whose  survey  1  have 
nearly  completed,  to  advise  as  to  the  lociition  of  a  deep  boring 
which  a  company  was  about  to  put  down  at  Frederika  in  search 
for  petroleum.  For  some  months  previous — to  .s:ive  the  briefest 
sketch  of  the  circumstances — oil  had  appeared  in  two  shallow 
wells  of  the  town,  and  on  this  basis  two  or  more  oil  com- 
panies were  formed,  the  lands  about  the  village  were  leased,  and 
several  thousand  dollars  of  stock  were  sold.  An  analysis  of  the 
oil  at  the  State  University  had  proved  it  refined  kerosene,  des- 
titute of  either  a  paraffine  or  an  asphaltum  base.  And  on  a  per- 
sonal investigation  the  source  of  the  oil  was  clear.  The  two  wells 
were  situated  on  either  side  of  a  general  store  in  which  a  con- 
siderable quantity  of  kerosene  was  stored,  one  being  about  ten  feet 
away  and  the  other  abolut  ninety  feet  distant.  Frederika  is  built 
on  the  sand  and  gravel  terrace  of  the  Wapsipinicon  river,  under- 
lain at  a  depth  of  about  ten  feet  with  Devonian  limestone.  I 
found  that  from  one  of  the  tanks  in  the  cellar  of  the  store  just 
mentioned  there  had  been  a  recent  considerable  leakage,  besides 
the  drip  which  naturally  takes  place  where  oil  is  often  drawn 
from  faucets.  The  quantity  of  oil  which  had  been  pumped  from 
the  wells  had  been  greatly  exaggerated,  and  it  was  with  entire 
confidence  that  I  reported  to  the  company  that  **in  part  or  whole 
the  kerosene  in  the  wells  is  due  to  leakage''  and  that  ''the  possi- 
bility of  oil  below  the  surface  at  Frederika  which  has  not  passed 
through  the  hands  of  the  Standard  Oil  Co.  is  so  slight  as  to  be 
negligible.''  It  was  also  pointed  out  that  the  attitude  of  the 
strata  beneath  the  village, — either  a  syncline,  or  a  contiuous  dip 
to  the  south, — discourages  any  search  for  oil.  Considerable  con- 
fidence had  been  placed  in  two  reported  oil  springs,  on  the  river 
bank,  one  above  and  one  below  the  town,  as  the  theory  of  leak- 
age from  the  cellar  could  not  apply  here;  but  a  careful  search 
failed  to  find  any  trace  of  such  springs. 
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Unfortunately,  my  advice  was  received  too  late;  the  contract 
had  already  been  made  for  the  deep  well,  the  foreman  was  on 
the  ground  and  the  machinery  on  its  way.  As  is  well  known, 
the  same  advice,  given  by  different  members  of  the  Survey,  al- 
though discredited  at  the  time  in  several  of  the  leading  news- 
papers of  the  state,  has  been  amply  confirmed  by  the  event  A 
somewhat  expensive  experience  and  some  interesting  drillings 
saved  from  the  borings  remain  as  the  valuable  assets  of  the  oil 
companies  which  exploited  the  Frederika  oil  field.  I  should  add 
that  so  far  as  known  there  is  not  the  slightest  evidence  of  fraud 
on  the  part  of  the  companies  that  sold  stock  and  bored  the  wells. 
The  work  of  investigating  the  field  was  undertaken  by  them  in 
good  faith  and  with  laudable  enterprise,  but  like  so  many  other 
exploitations  for  oil  and  coal  and  precious  metals,  in  neglect  of, 
or  opposition  to,  the  advice  of  geologists  who  use  the  large 
experience  and  knowledge  gathered  by  many  men  in  many  fields 
in  the  settlement  of  local  problems. 

I  remain  your  obedient  ser\^ant, 

William  Harmon  Norton. 

Cornell  College,  Mt.  Vernon,  Iowa,  Jan.  24,  1903. 
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REPORT  OF  DR.  J.  B.  WEEMS. 


Ames,  Iowa,  January  22,  1903. 
Prof.  Samuel  Calvin,  State  Geological  Survey,  Des  Moines,  Iowa  i 
Sir  : — I  have  the  honor  of  making  the  following  report  for  the 
Chemical  Work  of  the  Survey  for.  1902. 

The  work  has  heen  limited  to  the  chemical  and  rational  analy- 
sis of  clays  in  connection  with  the  investigation  of  the  clays  of 
the  state.  The  samples  which  have  been  received  have  been 
analyzed  and  it  is  hoped  that  the  results  will  be  in  suitable  fonn 
for  publication  in  the  near  future. 

The  co-operative  work  on  the  soils  of  the  state  is  also  well 
advanced  and  the  present  indication  is  that  the  work  will  be  com- 
pleted  during  the  coming  year. 

Respectfully  submitted, 

J.  B.  Weems, 

Chemist. 
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INTBODUOTION. 

LOCATION  AND  AREA. 

Howard  belongs  to  the  northern  tier  of  counties  and  is  the  third 
in  order  counting  westward  from  the  northeast  comer  of  the 
state.  With  reference  to  the  distribution  of  the  geological  forma- 
tions of  lowa^  its  location  is  one  of  uimsual  interest  Along 
the 'Upper  Iowa,  or  Oneota  river,  in  Albion  township,  Howard 
county  possesses  some  of  the  characteristic;?  of  the  Drif tless  Area, 
a  unique  area  which  includes  a  large  part  of  Allamakee  county 
and  parts  of  Winneshiek,  Fayette,  Crayton,  Dubuque  and  Jack- 
son. From,  this  area  Howard  county  is  separated  by  a  narrow 
marginal  zone  of  Kansan  drift.  The  border  of  the  lowan  drift 
passes  through  the  northeastern  part  of  the  county,  and  so  north- 
east of  the  lowan  boundary  the  country  is  rolling  Kansan  drift 
covered  with  loess,  while  by  far  the  larger  part  of  the  county, 
lying  southwest  of  this  well  defined  line  of  division,  belongs  to 
the  level  or  gently  undulating,  unerpded,  loessless  lowan  plain. 
One  of  the  interesting  geological  features  of  this  region  is  the 
absence  of  the  Niagara  limestone  or  any  representative  of  the 
Silurian  system,  for  here  the  Devonian  overlaps  upon  the  shales 
and  shaly  limestones  of  the  Maquoketa  stage  of  the  Ordovician. 
The  margin  of  the  overlap  and  the  contact  of  the  Devonian  with 
the  Maquoketa  may  be  studied  at  various  points  within  the  lim- 
its of  the  county  now  under  consideration. 

The  artificial  boundaries  of  Howard  county  are  the  state  of 
Minnesota  on  the  north,  Winneshiek  county  on  the  east,  Chicka- 
saw on  the  souith  and  Mitchell  on  the  west.  The  county  is  divided 
into  twelve  civil  townships.  The  four  southern  townships,  as 
organized  for  the  administration  of  local  government,  arc  nine 
miles  long  from  north  to  south,  and  so  each  embraces  one  con- 
gressional township  and  a  half.  The  northern  townships 
are  each  only  five  miles  in  lengtli  from  north  to  south,  sections 
1  to  6  in  each  case  being  omitted.    The  other  four  townships  are 
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of  the  usual  size.  The  county  is  a  rectangle,  the  dimensions 
being  approximately  twenty  miles  from  north  to  south  and  twen- 
ty-four miles  from  east  to  west.  The  area  is  therefore  480  square 
miles  more  or  less,  the  variation  from  the  theoretical  area  de- 
pending on  the  natural  convergence  of  north-south  lines  and 
errors  in  the  original  surveys. 

PREVIOUS  GEOLOGICAL  WORK. 

Previous  to  the  organization  of  the  present  Survey,  Howard 
cofimty  received  but  little  attention  at  the  hands  of  official  geolo- 
gists. In  connection  with  the  survey  made  by  Hall  &  Wiiitney 
during  portions  of  the  years  1855,  56  and  57,  tho  northern  coun- 
ties of  the  eastern  part  of  the  state  were  hastily  examined  by 
J.  D.  Whitney  for  the  purpose  of  determining  their  leading 
geological  features,  without,  however,  attempting  anything  like 
detailed  investigations.  In  the  report*  which  followed  the  ref- 
erences to  Howard  county  are  very  meager  and  relate  almost 
wholly  to  the  position,  importance  and  courses  of  the  drainage 
streams.  The  report  of  Dr.  C.  A..  White  f  makes  no  reference 
to  the  county  we  are  now  considering;  but  in  1872  Dr.  Wliite 
read  a  paper  at  the  Dubuque  meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science  %  in  which  he  discussed  the 
geological  significance  of  fossils  found  in  the  drift  of  Howard 
.  county  near  Lime  Springs.  McGee  in  his  Pleistocene  History 
.  of  Norheastern  Iowa;l  makes  a  number  of  references  to  the 
topography,  drainage,  indurated  rocks  and  glacial  deposits  of 
Howard  county.  Geologists  and  paleontolo^sts  have  long  been 
attracted  by  the  interesting  fauna  which  may  be  collected  from 
outcrops  of  the  Trenton  and  Maquoketa  formations  along  the 
Upper  lowa^  or  Oneota  river,  above  and  below  Florenceville,  in 
ihe  northeastern  part  of  the  county;  and  on  this  account  there 
are  frequent  references  in  geological  literature  to  the  rocks  and 
fossils  of  the  Florenceville  region.     In  the  report  on  Fillmore 

•Report  on  the  Oeol.  Surv.  of  the  State  of  Iowa:   By  James  Hall  and  J.  D  .Whitney;  Vol.  I. 
Pt  I,  pp.  806-812,  1866. 

tRerort  onthe  Geol.  Surv.  of  the  State  of  Iowa:  By  Charles  A.White,  M.  D.  ;  Vols.  I  and  II, 
DesMolnrs,  1870. 

lOn  the  SMtern  Limit  of  Cretaceons  DepoHit«  in  Iowa:  By  O.  A.  White.    Proc.  Am.  Ass'n  for 
the  Adv.  of  Sci.  Twenty-first  Meeting,  p.  187,  Cambridge,  1878. 

JThePleistooene  History  of  Norths  astern  Iowa:  By  W  J  McGee.      Eleventh  Ann.  Kept.  U. 
S.  Oeol.  Snrv.,  p.  ISQetseq.,  Washington,  1891. 
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county,,  Minnesota,*  the  rocks  of  Howard  county,  especially  those 
about  Lime  Springs,  receive  more  or  less  attention  in  the  way 
of  comparison  of  outcrops  in  Iowa  with  outcrops  on  the  other 
side  of  the  state  boundary.  The  Devonian  limestones  of  the  area 
under  discussion  in  this  report  are  very  highly  dolomitized  and, 
lithologically,  they  resemble  certain  phases  of  the  Niagara  beds 
farther  south.  While  some  of  the  exposed  sections  are  rich  in 
casts  of  fossils^  there  are  others  which  are  quite  barren,  and  the 
result  has  been  that  nearly  all  the  writers  mentioned  above,  either 
in  printed  text  or  published  maps,  have  referred  some  of  the 
dolomitized  Devonian  to  the  Niagara  series.  The  overlap  of  the 
Devonian  on  the  Maquoketa  is  something  unlooked  for,  unex- 
pected. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  loess  margin  of  the  lowan  drift  plain  passes  through  the 
northeast  part  of  Howard  and  divides  the  county  into  two  very 
distinct  topographic  areas,  each  of  which  is  again  divided  into 
smaller  areas  according  to  the  extent  to  which  the  glacial  deposits 
are  developed.  The  line  separating  the  two  principal  areas 
passes  from  Minnesota  into  Iowa  near  the  northwest  comer  of 
section  11,  Forest  City  township,  from  which  point  it  bends  to 
thQ  west  and  then  turns  nearly  due  south,  traversing  the  eastern 
edge  of  section  10.  After  passing  into  section  15  the  line -makes 
an  abrupt  bend  to  the  east,  passes  through  the  northern  part  of 
section  14,  whence,  veering  southward,  it  maintains,  with  some 
minor  deflections  and  sinuosities,  a  general  southeasterly  course 
until  it  leaves  the  county  a  few  rods  south  of  the  northeast  cor- 
ner of  section  36,  Albion  township.  The  area  north  and  east  of 
this  line  is  comparatively  small ;  only  about  22  square  miles,  all 
told,  are  here  included;  but  within  this  limited  space  there  is 
more  of  varied  topographic  interest  than  in  all  the  rest  of  the 
county.  On  one  side  of  the  line,  in  the  smaller  area,  the  surface 
deposits  are  Kansan  drift  overlain  by  loess;  on  the  other  side 
the  surface  is  occupied  by  a  young  drift  sheet,  the  lowan,  upon 
which  there  is  no  loess,  but  large  granite  bowlders  of  types  wholly 

*The  Qeolotty  of  Fillxnore  County:  ByN.  H.  Wlnchell:  The  Gtoology  of  Minnesota.  Vol.'I» 
of  the  Final  Report,  pi>.  208-^24 :  Minneapolis,  1884. 
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absent  from  the  northeai^tern  part  of  the  county,  give  character 
to  the  long  vistas  of  gently  undulating  plain.  The  small  north- 
eastern area  may  be  called  the  Loess-Kansan,  the  larger  area  to 
the  southwest  is  the  lowmi. 

The  Topography  of  the  Loess-Kcmsan  ^rea.— Excepting  the 
valley  of  the  Upper  Iowa,  or  Oneota  river,  the  surface  of  the 
Loess-Kansan  area  presents  a  series  of  rounded  hills  separated 
by  ravines  which  have  been  cut  by  flowing  water.  Stream  action 
is  the  dominant  characteristic  of  the  region.  Al]  its  present  topo- 
graphic features— the  hills,  ravines  and  even  the  deep  river  val- 
leys— are  due  to  the  carving  and  shaping  eflfects  of  ordinaiy  sur- 
face drainage.  Outside  the  river  valley  and  its  immediate  tribu- 
taries, the  topography  is  a  direct  i)ioduet  of  :he  run-oflf  of  the 
ordinarj^  storm  waters.  The  underlying  drift,  as  already  inti- 
mated, is  what  has  been  called  in  recent  geological  literature  the 
Kansau.  The  surface  of  this  ancient  glacial  deposit,  by  reason 
of  long  exposure  to  rains  and  other  meteorologic  agents,  was 
deeply  trenched,  and  the  sculpturing  resulted  in  producing,  on 
a  small  scale,  a  mature  type  of  erosional  topography.  (Fig.  1.) 


/-  <» 


Fig.   1.  ^  IBrosioiiAlly  developed  and  well  rounded  hilLs  of  the  Loess-Kantian  area,  in  the  north- 
eastern part  of  Howard  county. 
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At  the  time  of  maximum  development  of  the  ice  sheet  which  de- 
posited the  comparatively  recent  lowan  drift,  the  carved  surface 
of  the  old  Kansan  till,  outside  the  horder  of  the  lowan  ice,  was 
(Kivered  with  a  thin  veneer  of  the  fine  clay  called  loess.  This 
loess  was  moulded  over  the  inequalities  of  the  eroded  Kansan 
surface.  The  deposit  was  doubtless  thicker  in  some  places  than 
in  others,  but,  after  all,  the  thickness  was  practically  uniform, 
the  variations  being  no  greater  than  would  be  found  in  a  mantle 
of  snow  laid  down  in  comparative  quiet  upon  an  uneven  surface* 
And  so  it  was  that  by  the  deposition  of  Ihe  loess  the  character- 
istics of  the  old  topography  were  not  veiled  or  obscured  to  any 
noteworthy  extent.  The  hills  and  ravines  into  which  the  drift 
surface  had  been  carved  were  not  changed,  but  retained  the  same 
I)ositions  and  the  same  relative  heights  during  and  after  the  pro- 
cess of  loess  deposition.  It  is  true  that  some  minor  features  of 
the  topography  of  this  region  are  due  to  trenches  cut  in  the  re- 
cently deposited  loess,  but  in  general  the  amount  of  erosion  since 
the  loess  was  laid  down  as  a  mantle  over  the  trenched  surface 
of  the  Kansan  drift  is  so  small  as  to  be  scarcely  appreciable. 
This  fact  becomes  the  more  evident  when  the  lowan  area  is 
studied,  for,  except  in  a  few  very  limited  portions  of  the  lowan 
plain  where  conditions  have  been  unusually  favorable  to  the 
action  of  erosive  agents,  the  surface  of  the  younger  drift,  which 
in  age  is  oontemporaneo»uis  with  the  main  body  of  the  loess,  re- 
mains practically  as  the  glaciers  left  it  Over  nearly  the  entire 
extent  of  its  area,  the  amount  of  erosion  that  took  place  in  the 
surface  of  the  lowan  drift  between  the  retreat  of  the  lowan  ice 
and  the  occupation  and  cultivation  of  the  territory  by  the  white 
man,  would  have  to  be  expressed  by  zero.  Except  in  a  very  few 
unimportant  details,  therefore,  the  topography  of  the  Loess-Kan- 
san  region  is  not  due  to  erosion  of  the  loess,  but  is  controlled  by 
surface  forms  which  had  been  developed  long  before  any  loess 
was  deposited.  All  deep  cuts,  for  roads  or  railways  or  for  what- 
ever purpose  made,  in  Loess-Kansan  areas  of  Iowa,  whether  in 
Howard  county  or  in  other  portions  of  the  state,  show  that  the 
present  loess  surface  is  essentially  parallel  with  the  old  eroded 
surface  of  the  Kansan  till.  The  reader  will  pardon  the  apparently 
unnecessary  reiteration  involved  in  the  statement  that  all  field 
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evidence  is  overwhelmingly  in  favor  of  the  view  that  the  topog- 
raphy of  Loess-EIansan  areas,  such  topography  as  is  shown  in 
figure  1,  is  fundamentally  pre-loessial.  The  loess  never  filled 
the  valleys  and  trenches  and  levelled  up  the  surface  as  some  have 
supposed.  Its  thickness  and  relations  to  the  surface  have  never 
been  very  different  from  what  they  are  today. 

Over  the  greater  part  of  the  Loess-Kansan  area  of  Howard 
county,  the  surface  forms  have  been  developed  by  erosion  of  a 
sheet  of  drift.  A  marked  departure  from  the  type  of  topography 
generally  prevailing  in  the  region  is  found  in  the  charmingly 
picturesque  valley  of  the  Upper  Iowa,  or  Oneota  river.  This 
valley  is  a  deep  trench  cut  into  the  indurated  rocks  (Figs.  2  and 
3).  Thg  rock-cut  gorge  is  in  places  comparatively  narrow,  its 
depth  ranges  from  75  to  125  feet,  the  walls  are  steep,  it  resembles 
in  some  of  its  characteristics  the  valleys  of  the  Driftless  Area. 
As  to  age,  the  topography  of  the  greater  part  of  the  northeastern 
division  of  Howard  county  is  post-Kansan,  having  been  chiefly 
developed,  as  already  noted,  by  erosion  of  the  drift  srarface  dur- 
ing the  long  intervals  between  the  retreat  of  the  Kansan  ice  and 


Fio.  2.     View  in  the  valley  of  the  Upper  Iowa,  or  Oneota  river,  in  the  northeast  qaarter  of  section 

11,  Albion  township. 
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a.     The  rock-walled  gorfce  of  the  river  In  the  sontheast  qiuirter  of  section  12,    Albion 

township. 


the  deposition  of  the  loess.  On  the  other  hand  the  rock-cut  val- 
ley of  the  Oneota  is  much  older  than  the  Kansan,  it  is  evidently 
preglacial.  There  are  no  indications  that  this  part  of  Iowa  waB 
ever  occupied  by  the  ancient  ice  sheet  that,  over  the  major  por- 
tion of  the  state,  preceded  the  Kansan;  but  that  the  valley  was 
deep  and  open  as  it  is  today  when  the  ice  of  the  Kansan  stage 
was  melting  is  attested  by  terraces  of  rusty  Buchanan  gravel  at 
various  points  along  the  stream.  A  concrete  illustration  of  these 
old  gravels,  deposited  by  floods  from  the  melting  Kansan  ice  and 
rising  but  little  above  the  level  of  the  water  in  the  present  chan- 
nel, is  found  south  of  the  bridge  at  Floreneevillo,  near  the  middle 
of  section  10,  Albion  townsliip.  The  margin  of  the  valley  rises 
to  an  altitude  of  about  100  feet  above  the  surface  of  the  terrace. 
It  is  in  sections  11  and  12  of  fhis  township  that  the  most  juctur- 
esque  featui^es  of  the  Oneota  valley,  features  most  nearly  allied 
to  those  which  characterize  the  Driftless  Area,  are  developed. 

Topography  of  a  mixed  tj^pe,  partly  preglacial  and  in  part 
due  to  erosion  of  Kansan  drift,  occurs  in  the  south  half  of  sec- 
tions 11  and  12,  and  in  sections  13,  22,  23  and  24,  Albion  town- 
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ship.  Xhaaame  type,  indeed,  occurs  in  small  areas  on  both^ides 
of  the  river  ds  far  west  as  section  10,  Forest  City  township.  The 
surface  in  these  localities  is  quite  generally  covered  with  Kan- 
san  drift,  but  the  drift  is  so  thin  and  so  meager  that  the  present 
^topography  is  largely  controlled  by  the  erosion  which  had  taken 
jplace  in  the  pregladal  rock  surface. 

The  Topography  of  the  lowan  Area. — The  lowan  area  em- 
braces much  the  larger  part  of  Howard  county.  There  was  a 
time,  however,  when  the  whole  county,  and  practically  the  whole 
surface  of  Iowa,  pregented  an  appearance  topographically  like 
the  northeastern  part  of  Albion  township.  The  period  during 
which  the  surface  of  the  old  Kansan  drift  was  carved  and  sculp- 
tured by  agents  of  erosion  was  of  unknown  duration,  but  mani- 
festly it  was  very  long  as  compared  with  all  post-glacial  time. 
At  a  date  very  recent  compared  with  the  age  of  the  Kansan  drift, 
glacial  conditions  recurred;  a  new  ice  sheet,  coming  from  the 
northwest,  flowed  over  the  eroded  Kansan  surface,  obliterating 
the  old  erosional  topography  as  far  as  it  went,  and  leaving  the 
surface,  when  the  ice  melted,  in  the  form  of  a  gently  undulatinc: 
plain.  Constructive  work  of  glacial  ice  in  spreading  out  and 
piling  up  morainal  detritus  was  the  potent  factor  in  developing 
the  resulting  topography.  Erosion  was.  in  no  way  concerned. 
Erosion  has  not  eflfected  any  general  modification  of  the  surface 
since  the  glacial  ice  disappeared  from  the  region. 

The  ice  sheet  which,  in  this  part  of  Iowa,  followed  the  Kan- 
san and  modified  the  surface  of  the  older  drift,  was  the  lowan. 
lowan  glaciers  covered  all  of  Howard  county  except  the  few 
square  miles  of  the  Loess-Kansan  area  already  described.  The 
lowan  ice  advanced  to  what  is  now  the  boundary  line  between 
the  two  topographic  areas  of  the  county  and  there  stopped.  On 
one  side  of  that  line  t^ie  topography  is  old,  on  the  other  side  it  is 
youmg.  Along  the  boundary  line  there  is  usually  a  great  thick- 
ening of  the  loess ;  and  as  ordinarily  seen  from  the  lowan  plain 
the  margin  is  marked  by  a  series  of  hills  wliich,  from  a  distance, 
present  the  appearance  of  a  terminal  moraine  (Fig.  4).  From 
the  summit  of  the  marginal  ridges  the  observer  looks  in  one 
direction  upon  a  tumultuous  series  of  erosionally  developed  and 
well  rounded  hills  and  ridges  (Fig.  1) ;  in  the  other  direction 
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Ffo.  4.     bills  of  thickened  loeHS,  like  morainal  ridges,  along  the  border  of  the  lowan  plain,  in  th<* 
soathcrn  part  of  section  26,  Albion  townHhip. 

the  landscape  is  an  uneroded  plain  stretohing  away  to  an  unin- 
terrupted horizon,  as  level  as  a  sea  (Fig.  5). 


Fio.  &    lowan  plain  in  section  7,  Oak  Dale  township,  spreading  away  to  the  horizon,  as  level 

as  a  sea. 
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The  typical  characteristics  of  the  lowan  plain  are  best  illns- 
trated  on  the  broad,  flat  divides  between  the  drainage  ccurBes. 
The  r^on  having  its  center  at  the  southeast  comer  of  Saratoga 
township,  may  be  cited  as  a  concrete  example  of  the  ideal  lowan 
plain.  But  all  i)ortions  of  the  county  lyin^  southwest  of  the 
lowan-Loess  boundary,  and  not  immediately  adjacent  to  streams, 
present  essentially  the  type  of  topography  illustrated  in  figure 
5.  The  surface  is  everywhere  a  plain,  diversified  with  long,  low, 
sweeping  undulations.  Such  inequalities  and  irregularities  as 
are  present  are  due  to  the  manner  in  which  the  drift  material 
was  arranged  by  the  action  of  the  lowan  glaciers,  and  not  to 
any  subsequent  carving  or  shaping  by  drainage  waters.  Drain- 
age is  as  yet  very  imperfectly  developed.  There  are  no  definite 
drainage  channels  in  these  inter-stream  areas.  The  storm  waters 
simply  flow  oflF  along  the  broad,  shallow,  concave  sags  which 
gradually  blend  into  the  gentle  swells  of  low,  flat  eminences  rep- 
resenting the  higher  and  more  perfectly  drained  portions  of  the 
surface. 

The  streams  of  the  lowan  area,  in  the  western  three-fourths 
of  the  county,  flow  in  shallow  depressions  broadly  concave  from 
side  to  side,  the  margins  of  the  depressions  blending  impercep- 
tibly into  the  general  lowan  plain.  This  is  the  condition  pre- 
sented by  the  Wapsipinicon  and  Little  Wapsipinicon  in  Afton 
township,  and  by  Crane  creek  in  Saratoga,  Howard  and  Paris 
townships.  These  valleys  are  all,  in  a  sense,  remnants  of  a  pre- 
lowan,  even  of  a  pre-Kansan,  topography  which  has  been  modi- 
fied by  deposits  of  drift.  The  streams  are  following  ancient  val- 
leyd  which  are  almost  completely  filled.  Along  all  these  streams 
there  are  beds  of  femiginoois,  highly  oxidized  Buchanan  gravels 
which  show  that  here  were  drainage  courses  when  the  Kansan 
ice  was  melting.  The  gravels  rest  on  Kansan  drift  with  which 
the  old  valleys,  probably  preglacial,  were  partly  filled,  and  are 
in  turn  overlain  by  lowan  drift.  The  gracefully  curving  sur 
faces  of  valleys  and  uplands  are  sprinkled  with  lowan  bowlders. 
The  Upper  Iowa,  or  Oneota  river,  above  Chester,  occupies  a 
broad-bottomed,  imperfectly  drained  valley  which  is  somewhat 
sharply  set  oflF  from  the  adjoining  uplands  by  a  low  terrace  of 
Buchanan  gravels.    The  old  preglacial  valley  which  was  followed 
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by  the  post-Kaasaii  drainage  and  is  still  followed  by  a  post^ 
lowan  stream,  was  not  so  completely  filled  with  the  drift  cf  the 
two  recognized  ioe  invasions  as  were  some  of  the  other  preglacial 
valleys  of  the  county.  Both  of  the  known  drift  sheets  of  this 
territory  become  much  attenuated  toward  their  margins,  in  the 
direction  of  the  Driftless  Area.  Both  are  exceedingly  variable 
with  respect  to  the  amount  of  material  deposited  in  different 
Jocalities.  In  some  places  the  Kansan  drift  is  thicker  than  the 
Towan.    In  other  places  the  reverse  is  true. 

Along  the  Turkey  river  in  the  eastern  part  of  the  lowan  area, 
there  is  a  region  of  very  thin  drift,  and  the  old  preglacial  topog- 
raphy expresses  itself  in  spite  of  the  fact  that,  twice  at  least, 
the  surface  had  been  overflowed  by  glacial  ice.  Begi'nning  at 
Vernon  Springs,  the  valley  of  the  Turkey  river  is  a  deep,  rock- 
cut  gorge  of  the  preglacial  type,  excavated  in  Devonian  lime- 
stones. There  is  a  small  amount  of  drift  over  the  hills;  but  the 
indurated  rocks  crop  out  in  many  places,  and  the  surface  of  the 
hill  slopes  is  strewn  with  untransported  fragments  of  native 
limestone  (Fig.  6).    A  few  bowlder?  of  both  Kansan  and  lowan 


ITio.  d.     Region  of  thin  drift  at  Vernon  SpringH.    The  topography  is  preglacial,  the  rocks  arc  but 
partially  concealed,  and  blocks  of  the  native  limeHt-one  are  scattered  over  the  hill  slopes. 
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types  may  be  recognied  amongst  the  loose  surficial  materials. 
From  Cresco  south  to  the  north  line  of  section  35,  Vernon  Springs 
township,  the  country  is  a  typical  lowan  plain.  South  of  the 
point  named  the  region  becomes  hilly;  the  lowan  drift  thins  out; 
knobs  of  thoroughly  oxidized  Buchanan  gravel  of  Kansan  age 
appear,  even  on  the  uplands;  and  the  surface,  carved  into 
rounded  rocky  prominences,  descends  to  the  river  valley  which, 
at  New  Oregon,  is  more  than  100  feet  deep  measured  from  the 
upland  plain.  The  village  of  New  Oregon  is  built  on  a  terrace 
of  old  rust}^  Buchanan  gravel,  the  structure  of  which  is  well 
shown  a  short  distance  west  of  the  north  end  of  the  bridge.  The 
gravel  terrace  shows  that  the  valley,  with  practically  its  present 
depth,  served  as  a  drainage  course  to  carry  off  the  waters  from 
the  melting  Kansan  ice.  That  it  served  the  same  purpose  w^hen, 
later,  the  lowan  ice  was  retreating  is  attested  by  fresh  stratified 
sands  on  land  of  W.  H.  Patterson,  in  the  east  half  of  the  south- 
west 1/4  of  section  34,  Vernon  Springs  township.  The  hilly  area 
dominated  by  preglacial  topography  embraces  a  zone  a  mile  or 
more  in  width  on  each  side  of  the  Turkey  river,  from  Vernon 
Springs  to  the  east  line  of  the  county. 

Another  region  of  unusual  topograi>hy  embraced  in  the 
lowan  area,  occurs  north  of  the  road  leading  through  the  middle 
of  sections  22,  23  and  24,  Forest  City  township.  This  locality 
is  within  a  short  distance  of  the  lowan  margin.  Both  drifts  here 
are  thin,  and  numerous  stony  knobs  or  low  tors  project  above 
the  general  surface.  The  land  is  hilly  as  (compared  with  the  ordi- 
nary lowan  plain,  and  furnishes  anotlier  example  of  topography 
controlled  by  preglacial  erosion  of  the  indurated  rocks. 

DRAINAGE. 

The  drainage  of  Howard  county  follows  courses  which  were 
determined  to  a  large  extent  in  preglacial  time.  In  places  the 
ancient  valleys  were  only  partially  filled  with  drift.  In  other 
places  they  may  have  been  completely  filled,  but  the  settling  of 
the  loose  detritus  gave  rise  to  depressions  along  which  the  later 
streams  established  themselves.  The  ITpi>er  Iowa,  or  Oneota 
river,  is  the  most  important  stream  in  the  county ;  it  has  its  rise 
in  the  lowan  drift  plain  of  Mower    county,    Minnesota,    enters 
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Howard  near  the  northeast  corner  of  Oak  Dale  township,  takes 
an  nmusual  course  for  Iowa  streams^  nearly  dae  east^  and  follows 
a  valley  characterized  by  entrenched  meanders  which  are  best 
developed  east  of  the  lowan  boundary  at  Foreston.  All  the 
northern  townships  of  Howard  county  are  drained  by  the  Upper 
Iowa.  The  tributaries  of  this  stream  are,  however,  few  and  un- 
important. In  Albion  township,  where  the  valley  is  cut  deeply 
into  the  rocks,  the  river  is  fed  by  numerous  springs  which  rep- 
resent rather  shallow  underground  drainage.  The  sources  of 
the  Turkey  river  are  found  in  the  ill  drained  depressions  of  the 
lowan  plain  in  Howard  Center  and  Paris  townships.  There  are 
no  well  defined  drainage  channels  about  the  headwaters  of  the 
several  branchy  of  this  stream.  The  run-off  simply  follows  the 
broad,  shallow  sags  which  were  left  in  the  surface  by  the  melting 
ice  of  the  lowan  glaciers.  Below  Vernon  Springs  the  valley  of 
the  Turkey  takes  on  pregladal  characters  similar  to  those  seen 
in  the  Upper  Iowa  valley  in  Albion  township.  The  more  typical 
lowan  area  which  occupies  the  southwestern  half  of  the  county, 
is  drained  by  Crane  creek  and  the  branches  of  the  Wapsipinicon. 
Nearly  all  the  streams  of  this  area  have  their  origin  witbin  the 
limits  of  the  county,  and  they  are  practically  branchless,  so  far 
as  development  of  definite  tributary  channels  is  concerned.  Broad 
''sloughs,"  in  place  of  eroded  creek  beds,  serve  to  collect  the 
waters  from  the  adjacent  slopes.  While  the  drainage  courses 
seem  to  have  been  determined  by  the  position  of  preffladal  val- 
leys, the  streams  of  the  southwestern  part  of  Howard  county 
have  accomplished  very  little  in  the  way  of  erosion.  They  have 
neither  valleys  nor  flooded  plains  in  the  ordinary  sense.  They 
run  in  simple  shallow  trenches  cut  only  a  few  feet  below  the  level 
of  the  surface  on  which  they  began  to  flow  after  the  withdrawal 
of  the  lowan  ice. 

STRATIQHAPHY. 

Qeneral  Description. 

The  geological  formations  exposed  in  Howard  county  are  not 
very  numerous.  The  Ordovician  and  Devonian  systems  are  rep- 
resented in  the  indurated  rocks,  and  two  divisions  of  the  Glacial 
series — the  Kansan  and  the  lowan — are  recognizable  in  the  ma- 
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ficial  or  Pteistocene  deposits.  The  coantiy  rode  is  con^letely 
hidden  from  view  by  deep  accumulations  of  glacial  drift,  over 
approximately  nine-tenths  of  the  area  of  the  county.  There  are 
a  few  points,  principally  in  the  northeastern  townships,  where 
the  rock  comes  to  the  surface  in  the  general  uplands,  but -it  is 
along  stream  courses  that  exposures  chiefly  occur.  The  best 
natural  sections  are  seen  in  the  valley  of  the  Upper  Iowa  or  One- 
ota,  in  the  Loess-Kansan  area  east  of  Foreston.  Sections  of 
seventy-five  or  eighty  feet  in  height  occur  in  sheer  cliffs  at  a  few 
points  along  the  river,  and  others  of  less  ran^e  are  not  uncom- 
mon. There  are  also  some  satisfactory  sections  along  the  Tur- 
key river,  east  of  Vernon  Springs.  In  other  parts  of  the  county 
rock  exposures  are  few  in  nnimber,  of  very  limited  range,  and 
usually  far  apart,  and  so  the  correlation  of  the  outcrops  and  the 
arrangement  of  them'  in  a  definite  section  are  matters  of  great 
diflSculty.  This  difficulty,  so  far  as  concerns  the  Devonian,  is 
heightened  by  the  fact  that  the  beds  have  been  altered  by  dolo- 
mitization.  In  the  process  of  alteration  the  fossils  were  reduced 
to  imperfect  casts  or  were  entirely  obliterated,  and  so  the  aid 
that  paleontology  might  render  in  correlating  outcrops  is  not 
always  available. 

The  overlap  of  the  Devonian  on  the  Maquoketa  is  one  of  the 
remarkable  features  of  the  stratigraphy  of  this  part  of  Iowa. 
The  Niagara  limestone,  which  elsewhere  intervenes  between  the 
•formations  named,  is  here  absent,  and  both  the  Devonian  and 
the  Maquoketa  of  the  region  diffet  lithologically  from  outcrops 
of  corresponding  age  at  the  localities  where  the  formations  are 
typically  developed  and  have  been  most  carefully  studied.  The 
Devonian  is  so  largely  dolomitio  that  some  portions  of  it  resem- 
ble certain  phases  of  the  Niagara.  The  Maquoketa  is  more  cal- 
careous than  at  the  well  known  outcrops  in  Dubuque  county; 
some  of  it  is  even  dolomitic  and  might  be  mistaken  for  the  Ga- 
lena limestone,  while  other  parts  are  more  like  the  non-dolomi- 
tized  Trenton.  The  phase  of  the  Devonian  which  rests  on  the 
Maquoketa  is  not  the  lowest  Devonian  of  other  parts  of  Iowa, 
but  it  is  made  up  of  beds  carrying  Productella  subalata  Hall,  and 
Spififer  permatus  Owen,  fossils  which  indicate  a  horizon  near  the 
iop  of  the  Wapsipinicon  stage.    The  relations  of  the  strata  sug- 
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gest  that,  on  account  of  local  subsidence  after  the  beginning  of 
the  Devonian,  the  shore  line  wais  slowly  carried  eastward  during 
the  time  represented  by  the  Coggan,  Otis,  Independence  and 
Lower  Davenport  beds,  as  these  are  described  by  Norton  in  the 
reports  on  Linn  and  Scott  counties.  The  greatest  eastward  ex- 
tension of  the  Devonian  sea  occurred  during  the  Upper  Daven- 
port age,  when  beds  containing  the  fauna  represented  by  Produc- 
tella  subdlata  and  Spirifeir  pennatus  were  laid  directly  upon  Ma- 
quoketa  or  Hudson  River  deposits  containing  Leptaena  unicos- 
tata,  Pldctambonites  sericea,  Orthis  testudinaria  and  Orthis  kan- 
kakensis. 

The  study  of  the  Niagara  limestone  in  counties  southeast  of 
the  area  we  are  considering— in  Fayette,  Delaware  and  Buchan- 
an— shows  a  decided  tendency  on  the  part  of  this  formation  to 
become  thinner  toward  the  northwest  It  may  be  possible,  there- 
fore, that  no  Niagara  was  ever  deposited  as  far  north  as  Howard 
county.  On  the  other  hand  there  is  a  possibility  that  the  Niagara 
is  present  in  its  proper  position  underneath  the  later  deposits, 
some  distance  west  of  the  overlapping  (^dge  of  the  Devonian, 
Owing  to  the  dolomitization  of  both  formations,  the  Devonian  and 
the  Niagara,  in  the  northern  part  of  the  state,  cannot  be  differ- 
entiated in  the  ordinary  borings  from  wells;  but  the  combined 
ttiickness  of  the  beds  above  the  Maquoketa  in  wells  begun  in 
Devonian  limestones  at  Waverly^  Sumner,  Frederika  and  Osage, 
is  so  small  as  to  indicate  the  actual  thinning  and  practical  dis- 
appearance of  the  Niagara  in  this  direction. 

The  f6llowing  table  shows  the  stratigraphic  relations  of  the 
geological  formations  recognized  in  Howard  county: 


GROUP. 

SYSTEM . 

SERIES. 

STACK. 

Pleistocene. 

Recent. 

Alluvial. 

Ceoozoic. 

Glacial. 

lowan 

Kansan. 

Devonian. 

Middle  Devonian. 

Cedar  Valley. 

Paleozoic 

Waosipinicoo. 

Ordovician. 

Trenton. 

Maquoketa. 

Galeoa-Trenton . 
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Ordovloian  System. 

GALENA-TRENTON . 

The  Galena-Trenton  is  the  lowest  of  the  geologioal  formations 
exposed  in  Howard  conmty.  It  is  seen  in  vapons  exposures 
along  the  river  valley  in  Albion  township,  from  Florenoeville 
eastward.  A  short  distance  above  Florenoeville  the  Trenton  dis- 
appears beneath  the  level  of  the  bottom  of  the  valley,  passing 
under  thin-bedded,  calcareous  shales  and  shaly  limestones  be- 
longing to  the  stage  of  the  Lower  Maquoketa.  There  is  a  gen- 
eral discussion  of  the  Galena-Trenton  in  the  chapter  on  the 
Geology  of  Dubuque  county,  in  volume  X  of  the  present  series 
of  reports.  In  that  discussion  it  is  shown  that  the  dolomitic 
phase  of  the  formation,  which  has  been  called  the  Galena  lime- 
stone, is  a  local  characteristic  which  is  best  developed  in  Dubuque 
county  and  becomes  less  and  less  marked  toword  the  north,  and 
that  non-dolomitized  beds  in  the  northern  counties,  which  are 
the  exact  equivalent  of  dolomitized  Galena,  have  usually  been  re- 
ferred to  as  Trenton  limestone.  Certain  persistent  life  zones 
were  recognized  in  the  Dubuque  county  report,  among  which  the 
zone  of  Receptaculites  oweni,  and  a  zone  containing  a  number  of 
species  of  large  gastropods  are  among  the  most  prominent*  The 
place  of  the  Receptaculites  zone  is  about  sixty  feet  below  the  top 
of  the  formation,  and  the  gastropod  zone  lies  a  few  feet  lower. 

In  Howard  county  it  is  the  upper  part  of  the  Galena-Trenton, 
beginning  a  short  distance  below  the  gastropod  zone,  that  is  rep- 
resented in  the  cliffs  along  the  Upper  Iowa  river.  Rising  ver- 
tically from  the  water  at  a  number  of  points  on  the  stream  in  the 
east  half  of  section  12,  Albion  township,  are  sheer  precipices  of 
Trenton  limestone,  sixty  to  eighty  feet  in  height ;  and  from  twelve 
to  fifteen  feet  above  the  base  of  the  scarps  the  characteristic 
species  of  the  gastropod  zone  occur.  The  rock  is  gray  or  drab 
in  color,  rather  fine-grained,  somewhat  magnasian  but  not  dolo- 
mitic. It  lies  mostly  in  thin  beds,  though  some  layers  near  the 
foot  of  the  exposed  sections  are  eighteen  inches  in  thickness. 
The  fine  cliffs  (Fig,  7)  in  the  northeast  3^  of  the  southeast  Vi 
of  section  12,  show  at  their  base  the  lowest  beds  of  the  formation 

•  Iowa  Oeol.  Surr. ,  Vol.  X,  p.  400,  and  Noa.  8  and  9,  Plate  4,  opposite  p,  410.    Des  Moines,  1900. 
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Fio.  7.  Cliifs  of  Trenton  limestone  in  the  northeast  quarter  of  the  sontheast  quarter  of  section 
12,  Albion  township.  The  layers  at  the  base  of  the  cliff  are  the  lowest  beds  exposed  in  the 
county. 

to  be  seen  within  the  copnty.  There  are  somewhat  similar  cliffs 
(Fig.  8)  in  the  northeast  14  ^f  the  southeast  %  of  section  11. 
The  gastropod  zone  is  here  at  the  foot  of  the  precipice,  and  Re- 
ceptaculites  occurs  about  twenty  feet  above  the  level  of  the  water. 
The  face  of  the  cliff  is  seventy  feet  in  height,  and  the  height 
above  low  water  in  the  stream  is  about  eighty  feet.  To  the  right 
of  the  cliff  is  the  mouth  of  a  small,  steep  i*avine  in  which  the  suc- 
cessive beds  may  be  studied  more  successfully  than  in  the  cliff 
itself.  The  stone  is  rather  fine-grained  and  grayish  toward  the 
base,  but  about  the  middle  of  the  section  it  occurs  in  heavier, 
coarser  layers  which  are  more  magnesian,  and  in  their  general 
characteristics  show  a  closer  approximation  to  the  Galena  type 
of  the  formation.  Judging  from  the  position  of  the  Receptacu- 
lites  zone,  the  top  of  the  cliff  should  correspond  very  nearly  with 
the  top  of  the  Galena-Trenton,  and  this  view  is  sfmpported  by 
facts  observed  on  the  receding  hill  side  a  little  higher  up.    For 
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Fio.  8.     Cliffs  of  Trenton  in  the  northeast  quarter  of  the  eoatheast  quarter  of  section  11,  Albion 

townriiip. 

some  distance  back  from  the  brow  of  the  cliff  the  gromid  rises 
in  a  gentle  slope  which  is  covered  with  glacial  material  of  Kan- 
ean  age,  but  at  an  altitude  of  twenty  feet  above  the  base  of  the 
slope  there  are  some  beds  of  fine-grained,  calcareous  shales  be- 
longing to  the  Maquoketa.  Fifteen  feet  higher  there  are  beds 
of  more  typical  Maquoketa  with  Leptaena  unicostata  and  Pled- 
ambonites  sericecu 

The  upper  portion  of  the  Galena-Trenton  is  exposed  at  the 
mill  at  Florenoeville.  Just  below  the  mill  the  stone  has  been 
quarried  to  some  extent.    It  shows  the  following  section : 


2. 


1. 


Irregularly  bedded,  fine  grained,  fossiliferous  limestone 
with  shaly  partings ;  some  of  the  layers  represented 
by  detached  nodules  and  irregular  lenticular  slabs 
of  limestone  embedded  in  shale 10 

Regularly  bedded  stone  in  layers  a  foot  or  more  in 
thickness,  without  shaly  partings,  rather  coarse- 
grained, beds  cut  by  definite  joints,  joint  faces 
pitted  and  roughened  by  weathering 8 
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No.  1  of  this  sectaon  furnishes  a  durably  bnildinfc  stone  ^U 
suited  for  use  in  the  roiugh,  substantial  grades  of  masonry.  The 
rock  is  quite  magnesian,  semi-crystalline,  but  is  not  a  true  dolo- 
mite. This  member  is  the  equivalent  of  the  coarser  beds  observed 
above  the  middle  of  the  cliflf  in  section  11  (Fig.  8).  Excepting 
some  stem  segments  of  crinoids,  no  fossils  were  seen  in  it  at  this 
point  A  short  distance  above  Florenceville,  a  few  rods  north 
of  the  old  mill  in  Granger,  Minnesota,  there  is  an  exposure  of 
beds  equivalent  to  No.  2  of  the  foregoing  section ;  while  less  than 
100  yards  farther  north,  the  heavy  quarry  beds  of  No.  1  a» 
seen  in  place.  A  large  Orthoceras,  the  Cameroceras  proteiforme 
Hall,  occurs  in  the  quarry  beds.  The  shaly  partings  of  the  over- 
lying beds— the  equivalents  of  No.  2— furnish  quite  a  number 
of  fossil  species,  among  which  were  noted  a  small  species  of 
Prasopora,  lAngvla  philomela,  Plectambonites  sericea  represent- 
ed by  a  number  of  very  small  individuals,  Leptaena  charlottae 
and  Orthis  testudma/ria.  The  upper  part  of  the  Granger  exi)os- 
ure  is  not  represented  at  Florenceville.  It  is  more  shaly  than  the- 
lower,  and  some  of  the  thin  beds  of  limestone  furnish  small 
specimens  of  Rafmesqiiina  alternata  Conrad,  and  Isotelus  iowen- 
sis  Owen.  The  great  amount  of  shale  alternating  with  thin,, 
sometimes  nodular,  beds  of  limestone  indicates  that  the  condi- 
tions at  the  dose  of  the  Galena-Trenton  in  this  locality,  were- 
similar  in  one  respect  at  least  io  those  which  marked  the  close 
of  the  same  stage  in  Dubuque  county.  The  diminished  thickness 
of  the  calcareous  layers  and  the  increased  thickness  of  the  shaly 
partings  near  the  top  of  the  Galena-Trenton,  are  noted  at  page 
430  and  elsewhere  in  volume  X  of  these  reports. 

The  Galena-Trenton  was  not  seen  in  Howard  county  at  any 
points  outside  of  the  immediate  valley  of  the  Upper  Iowa,  or 
Oneota  river.  There  is,  however,  a  very  interesting  ooitcrop  a 
rod  or  two  east  of  the  county  line,  opposite  the  southeast  comer 
of  section  13,  Albion  township.  The  point  in  question  is  in  the 
valley  of  Nichols  creek  and  the  river  is  in  fact  less  than  one-fourth 
of  a  mile  away.  The  interest  attaching  to  this  exposure  arisen 
from  the  fact  that  the  beds  exhibit  perfectly  the  characteristics 
of  the  Galena  limestone.  They  are  buflF,  granular,  vesicular, 
crystalline,  dolomitic,  massive,  ranging  up  to  six  feet  in  thickness 
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(Fig.  9).  The  characteristics  are  unusual  in  this  part  of  the  state 
and  help  to  emphasize  the  fact  that  dolomitization  has  no  forma- 
tional  significance  but  may  be  a  purely  local  phenomenon  of  very 
limited  extent. 

MAQUOKETA   or    HUDSON    RIVER. 

The  transition  from  the  Galena-Trenton  to  the  Maquoketa  in 
Howard  county  is  not  as  abrupt  as  it  is  in  Dubuque.  There  are 
here  shales  alternating  with  thin  beds  of  limestone  in  the  upper 
part  of  the  Galena- Trenton,  and  soft  clay  shales  alternate  with 
thin  indurated  layers  of  calcareo-magnesian  shale,  at  the  base 


Fio.  9.     Typical  Galena  phase  of  the  Qalena-Trt»nton  opixjsite  the  Houthea^^t  corner  of  section  18, 

Albion  townsliip. 

of  the  Maquoketa.  Some  of  the  beds  of  harder  shale  in  the  Ma- 
quoketa would  rank  as  argillaceous  limestone.  The  lithologioal 
diflFerenoes  between  the  top  of  the  Trenton  and  the  base  of  the 
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Maquoketa  are  simply  differences  in  the  chaineteristios  of  the 
more  indurated  beds.  In  the  Maquoketa  the  stony  layers  are 
lighter  colored,  softer,  more  granular,  much  more  earthy  and 
argillaxjeous  than  those  of  the  upper  part  of  the  Galenar Trenton. 
The  calcareo-magnesian  beds  of  the  Maquoketa,  however,  are 
counted  of  soiflScient  value  to  be  quanied  for  building  stone,  one 
of  the  quarries  so  operated  being  located  on  the  north  side  of 
the  river  in  the  southwest  Vi  of  section  S,  Albion  township  (Fig, 
10).  The  river  flows  north  through  the  western  part  of  the  north- 
east 1/4  of  section  9,  less  than  half  a  mile  west  of  Florenoeville, 
and  on  the  east  side  of  the  stream  rises  a  vertical  cliff  of  mor«> 
or  less  indurated  shales  of  the  Maquoketa  stage,  sixty  to  seventy 


Fig.  10.    Expo  rare  of  Maqaokuta  shales  in  tho  soathwe-it  quarter  of  suction  8,  Albion  towmihip. 

feet  in  height.  This  is  the  best  single  section  of  the  formation 
in  the  county.  Cliffs  showing  beds  of  the  same  type,  but  dimin- 
ishing in  height  as  the  formation  is  traced  up  the  stream,  occur 
at  interv'als  almost  to  Foreston.     In  the  western  ])art  of  section 
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7,  Albion  township,  and  the  eastern  part  of  12,  Forest  <3ity  town- 
ship, the  river  flows  between  bluffs  in  which  the  Maquoketa  beds 
rise  in  vertical  exposures  to  a  height  of  forty  feet  above  the 
water.  The  upper  parts  of  the  bluffs  in  this  locality  are  every- 
where composed  of  Devonian  dolomite.  The  Maquoketa  finally 
•disappears  beneath  Devonian,  in  the  bottom  of  the  river  valley, 
one-half  mile  east  of  Foreston. 

The  general  characteristics  of  the  Maquoketa  or  Hudson  River 
formation,  as  seen  in  the  valley  above  Florenoeville,  are  well  illus- 
trated at  the  quarry  in  the  north  bank  of  the  stream  in  the  north- 
cast  14  of  section  8.  Figure  10  shows  the  relative  thicknesses  of 
the  harder  and  more  stony  layers  compared  with  the  soft,  shaly 
partings.  The  beds  that  are  sought  for  building  stone  rarely 
•exceed  four  inches  in  thickness.  The  intervening  seams  of  shale 
:are  equally  as  thick.  All  the  beds  yield  readily  to  the  weather, 
and  the  cliff  face  breaks  down  rapidly.  All  the  surfaces  which 
have  been  exposed  to  the  air  for  any  length  of  time,  are  bleached 
to  a  light  gray.  Fossils  are  not  very  common.  It  is  true  that 
some  of  the  beds  are  crowded  with  the  comminuted  stipes  of 
graptolites  in  such  condition  that  neither  genera  nor  species  can 
be  recognized.  Occasionally,  however,  there  are  perfect  individ- 
uals which  indicate  the  presence  of  such  common  Hudson  River 
types  as  Diplograptus  pristis-,  Diplogra/ptus  piitillus  and  Diplo- 
graptus  quddrimucronatus.  The  second  species  is  included  on 
the  authority  of  the  Geology  of  Minnesota,  Vol.  Ill,  Part  1,  p. 
82.  Other  fossil  forms  occurring  sparingly  are  Plectambonites 
\sericea,  small  forms  of  Rafinesquina  altern<jUa,  Orthis  testudi- 
fiaria,  Isotelus  gigas  and  the  rather  short  and  broad  trilobitc 
jwith  rounded  cephalon  and  pygidium  which  Clarke  has  described 
|in  the  Geology  of  Minnesota,  Vol.  Ill,  Part  H,  as  Isotelus  susae*. 

•The  iBolelut  tu»<ie  Whitfield  Bpecies,  Geology  of  Wisconsin,  vol.  IV,  p.  298,  is  a  very  differ- 
ent form  from  the  one  referred  by  Cflarke  to  this  species.  It  is  a  smaller,  more  convex,  thicker  in 
front  than  po  teriorly,  with  the  anterior  part  of  the  head  deflected  so  that  near  ihk-  front  margin 
the  sarface  or  the  glabella  stands  nearly  at  right  angles  to  the  general  plane  of  the  body— charac- 
teristic') ccTectly  shown  in  Whltfleld'^8  Figure  8,  Plate  10.  The  eyes  are  more  prominent,  the 
vl-tnal  surface  is  larger  than  in  the  species  flgur^  and  described  by  Clarke,  aua  the  pneterior 
limb  of  thn  irlal>ella  U  much  narrower  in  proportion  to  its  length.  In  the  collections  of  the  Uni- 
versity at  Iowa  CM  ry,  there  are  three  specimens  of  Whitfield's  and  Calvin's  Asaphut  (IgoteluM) 
«tMa«,  from  the  Plorenceville  region,  but  they  are  all  from  the  upper  part  of  the  Qalena-Trenton. 
So  far  the  •species  has  not  been  found  in  the  Maquoketa  or  Hudson  Klver  shales  In  the  fame 
collections  there  are  three  specimens  of  the  very  different  form  re  erred  to  Itotelus  suioe  in 
volume  III  of  the  Minnesota  Sarvcy,  which  are  from  outcrops  of  the  Maquoketa  shales  on  the 
river  above  Florenceville  If  this  broad,  short,  flat  spcKiies  of  trilobite,  so  well  flgu'ed  and 
described  by  Clarke  in  the  Geology  of  Minnesota,  Vol.  Ill,  Part  II,  p.  708,  requires  a  distinctive 
^lame,  it  may  be  called  /Hotelun  florencevtllenaU  in  honor  of  the  small  village  near  which  it  is 
found. 
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DistribtUion. — The  distribution  of  the  Maquoketa  or  Hudson 
Baver  deposits  is  not  limited,  as  is  the  case  with  the  Galena- ; 
Trenton,  to  the  walls  of  the  immediate  valley  of  the  Upper  Iowa 
river.  A  broad  tongue  of  Maquoketa  crosses  the  county  line^ 
from  Winneshiek,  in  sections  13,  24  and  25,  an<3)  extends  up  the 
vall^  of  Nichols  creek  and  its  tributaries  to  near  the  west  line 
of  section  22.  There  is  another  tongue  of  Maquoketa,  but  smaller 
flian  the  preceding,  projecting  into  sections  12  and  13,  Vernon. 
Springs  township.  The  Maquoketa  comes  very  near  the  county, 
if  it  does  not  quite  enter  it,  in  the  valley  of  the  Turkey  river.  At 
the  bridge  over  this  stream  on  the  county  ]ine,  there  are  exposures, 
of  the  Productella  beds  of  the  Devonian,  and  the  Devonian  is 
continued  down  to  the  level  of  the  water;  but  less  than  one-half 
mile  east  of  the  county  line  the  Maquoketa  rises  fifteen  or  twenty 
feet  above  the  bottom  of  the  river  channel,  and  so  it  is  fairly 
probable  that  the  formation  wonild  be  foimd  beneath  the  water 
in  the  stream  and  the  soils  in  the  bottom  of  the  valley,  in  sections 
1  and  12,  New  Oregon  township. 

Typical  Exposures. — The  lower  part  of  the  Maquoketa  in 
Howard  county,  for  a  thickness  of  about  60  feet,  is  composed  of 
the  thin,  indurated,  calcareo-magnesian  beds  with  alternating 
shaly  partings,  illustrated  at  the  quarry  in  section  8,  Albion  town- 
ship. Near  the  top  the  formation  varies  greatly,  and  the  character- 
istics of  the  same  horizon  are  quite  different  in  different  local- 
ities. The  details  of  the  upper  part  of  the  formjation  are  best 
studied  outside  the  limits  of  Howard,  in  Winneshiek  county^ 
for  the  reason  that  the  greater  number  of  exposures  found  here 
afford  better  opportunities  for  observation.  For  example,  a 
section  embracing  tlie  upper  forty  feet  of  the  formation  is  seen 
along  the  south  line  of  section  16,  Lincoln  township  in  Winne- 
shiek. In  part  the  rock  of  this  section  is  a  magnesian  shale,  and 
in  part  it  is  a  crystalline  dolomite  resembling  the  Galena  lime- 
stone at  Dubuque.  The  fossils  recognized  here  are  Lingula,  a 
fragment  too  imperfect  to  be  identified  specifically,  Leptaena 
wiicostata,  Plectamhonites  sericea,  Orthis  testudinaria  and  Orthis 
kankakensis.  The  locality  is  especially  interesting  for  the  reason 
that  the  ground  rises  gradually  toward  the  east,  and  near  the 
southeast  comer  of  the  section  named  there  are  dolomitised  bedS' 
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ocmtainiiig  Devonian  types  of  Stropheodonta,  Productellaj,  Atrypa 
and  Spirifer.  The  locality  is  especially  interesting  as  showing 
very  clearly  the  absence  of  the  Niagara  limestone  and  the  super- 
position of  the  Devonian  on  the  Maqnoketa. 

Along  the  county  line  road,  on  the  east  side  of  section  13,  Vernon 
Springs  township,  the  hill  slope  leading  from  the  south  into  the 
valley  of  Silver  creek  shows,  at  the  top,  the  Productella  beds  of  the 
Devonian,  beneath  which  there  are  light  yellow  magnesian  shales 
and  harder  layers  of  granular  dolomite  belonging  to  the  Maqno- 
keta. The  shaly  magnesian  beds  begin,  in  descending  the  hill, 
between  twenty-five  and  ^irty  feet  above  the  level  of  the  small 
valley.  Diligent  search  failed  to  reveal  any  fossils  in  them,  but 
their  relations  to  other  recognizable  horizons  in  the  Maquoketa 
leave  little  doubt  that  they  represent  the  transition  beds  at  the 
top  of  the  formation,  described  in  the  reports  on  the  counties  of 
Delaware  and  Dubuque.  On  the  north  side  of  Silver  creek  the 
Devonian,  with  its  usual  Productellas  and  Spirifers,  begins  not 
more  than  ten  feet  above  the  floor  of  the  valley,  and  there  is  no 
trace  of  the  light  colored  magnesian  Macjuoketa.  Here  are  indi- 
cations of  an  unconformity.  The  creek  valley  widens  rapidly  in 
Winneshiek  county,  and  in  itd  floor  and  sides  are  many  inter- 
esting exposures  of  Maqnoketa,  some  of  which  are  within  a  few 
feet  of  overlying  Devonian.  A  short  distance  east  of  the  south- 
west comer  of  section  16,  New  Orleans  township,  there  is  an 
outcrop  of  non-dolomitized  limestone  crowded  with  Plectambo- 
nites  sericea  and  other  Ordovician  species.  This  outcrop  recalls 
tlie  crowded  fossiliferous  slabs  of  limestone  so  common  every- 
where in  the  upper  part  of  the  Maqnoketa,  a  few  feet  below  the 
transition  beds,  in  Dubuque  countj\  Thin  layers  of  limestone 
similarly  charged  with  the  common  Plectambonites  occur  at 
various  points  in  sections  13,  14,  23,  24  and  25,  Albion  township. 
An  outcrop  of  upper  Maquoketa  along  the  north  line  of  the  north- 
cast  1/4  of  section  8,  has  numerous  individuals  of  Streptelasma 
corniculum  associated  with  the  Plectambonites.  The  most  inter- 
esting assemblage  of  fossils  occurs  in  what  are  practically  the 
very  uppermost  beds  of  the  Maqnoketa,  on  the  east  line  of  the 
southeast  ^4  of  section  25.  At  this  point  there  are  the  magnesian 
transition  beds  noted  in  section  13,  Vernon  Springs  township. 
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but  associated  with  them  are  some  non-dolomitic  layers  rich  in 
wiell  preserved  fossils  which  are  identical  in  form,  size  and  gen- 
eral expression  with  corresponding  species  from  the  Cincinnati 
shales  of  Ohio  and  Indiana.  The  Cincinnati  types  here  include 
robust  forms  of  Rhynchotrema  capao),  Rafinesquina  altemaia 
and  the  varietal  form^  22.  nasvia.  There  are  other  species,  such 
as  Orthis  testudinaria  and  PlectambonUes  sericea,  which  do  not 
vary  in  many  other  exposures  in  Iowa  from  the  forme  occurring 
in  the  Cincinnati  shales.  The  fossil  bearing  layers  are  pure  lime- 
stone,  some  of  them  being  completely  crinoidal. 

Correlation  <md  Thickness, — The  Maquoketa  formation  is 
much  thinner  in  Howard  county  than  it  is  in  Dubuque.  The 
lower  indurated  beds  with  numerous  graptolites,  exposed  in  the 
river  valley  above  Florenceville,  may  be  correlated  with  the  hard, 
slaty,  graptolite-bearing  shales  which  make  up  the  Lower  Maquo- 
keta in  Dubuque  county.  The  heavy  body  of  plastic  shales  which 
compose  the  greater  part  of  the  Upper  Maquoketa  in  the  Dubuque 
county  report,  seems  to  be  absent  from  Howard!  county,  the 
upper  member  of  the  formation  being  represented  only  by  the 
calcareous,  f ossiliferous  layers  and  the  magnesian  transition  beds 
which  lie  above  the  plastic  clays  farther  south.  The  whole  thick- 
ness of  the  Maquoketa  does  not  here  exceed  100  feet,  while  in 
Dubuque  county  the  thickness  is  fully  twice  as  great. 

Devonian  System. 

GENERAL   DESCRIPTION. 

The  Devonian  rocks  of  Howard  county  are  all  calcareous;  all 
are  more  or  less  magnesian;  the  greater  portion  of  the  entire 
system  would  be  classed  as  impure  dolomite.  True  shales  were 
not  observed  anywhere.  Dolomitization  of  the  Devonian  is 
more  common  in  the  northern  part  of  the  state  than  at  the  southern 
outcrops  in  Johnson,  Cedar,  Muscatine,  and  Scott  counties,  thus 
reversing  the  rule  that  has  been  observed  in  relation  to  the  dolomi- 
tization of  the  Galena-Trenton.  The  lowest  beds  seen  in  Howard 
coimty  belong  to  a  horizon  far  about  what  has  been  recognized 
as  the  base  of  the  Devonian  in  the  Southern  part  of  the  area  of 
its  distribution.    The  beds  which  rest  directly  on  the  Maquoketa 
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ccfntaia  Stropheodonta  demissa  C(mrsAj  Prodtu^ella  subiUata 
KaHj  Atrypa  reticulims  Lin.y  Atrifpa  aspera  Schlot,  Spirifer 
^ennatus  Owen  and  Ct/r/ma  hamUtonensis  Hall.  The  fauna 
indicates  a  horizon  equivalent  to  that  represented  aboaiit  the 
middle  of  the  quarries  at  Independence  in  Buchanan  county.  In 
this  zone  in  Howard  county,  Productella  is  the  most  abundant 
and  most  characteristic  foftsil,  and  it  is  convenient  to  refer  to  the 
horizon  as  the  Productella  beds.  This  zone  belongs  to  the  Upper 
Davenport;  beds  of  Norton^,  below  which,  before  reaching  the  base 
of  the  Devonian  in  Linn,  ^  Cedar  and  Scott  counties,  there  are  the 
divisions  of  the  Wapsipinicon  stage  which  have  been  described 
as  Lower  Davenport,  Independence,  Otis  and  Coggan. 

There  are  here  somQ  interesting  and  puzzling  anomalies  in 
the  distribution  and  vertical  range  of  certain  species,  which  are 
deserving  of  notice.  For  example  the  Productella  beds  have  a 
thickness  of  forty  feet,  a  thickness  more  than  twice  as  great  as 
that  of  the  corresponding  beds  at  Independence.  They  are  over- 
lain by  fifteen  to  twenty  feet  of  coarse  dolomite  characterized 
by  the  inclusion  of  large  masses  of  crystalline  calcite.  In  these 
coarse,  calcite  bearing  beds  there  are  occasional  casts  and  impres- 
sions of  Favosites  alpenensis  and  Acervularia  davidsoni.  These 
corals  are  in  their  usual  stratigraphic  relation  to  Productella, 
and  so  far  the  succession  of  life  zones  is  in  accord  with  the 
Devonian  section  in  Buchanan  county.  But  in  the  Salisbury 
quarry  at  Vernon  Springs,  twenty  feet  or  more  above  the  top  of 
the  coarse,  coral  bearing  dolomite,  there  are  layers  only  slightly 
magnesian  in  which  Gypidula  comis,  Atrypa  aspera,  and  the  lenti- 
cular, elongated,  finely  striated  type  of  Atrypa  reticularis,  known 
heretofore  only  from  the  horizon  of  the  Independence  quarries, 
are  well  preserved.  This  particular  form  of  the  Atrypa  reticu- 
laris should  be  found  below  the  coral  horizon  and  never  above. 
Its  place  is  with  Productella.  At  Independence  the  Gypidula  is 
found,  rather  sparingly,  as  high  as  the  beds  carrying  Productella^ 
but  from  Independence  to  Davenjport,  Gypidula  is  more  charac- 
teristic  of  the  Lower  Davopoit  beds  than  of  any  other  horizon, 
and  yet  tie  Lower  DaveB{)ort  beds  are  not  even  represented  in 
Howard  county.    These  forms  seem  to  have  re-migrated  into  this 


territory  Idiig  after  they  had  permanently  disappcfafedfrom'otlie^ 
parts  of  Iowa.  ^r     ' 

Typical  Exposures.— ij  The  lowest  member  of  the  Devoniail 
iection  in  Howard  county,  composed  of  the  Pi'oductella  bedisi,  W 
typically  exposed  at  the  bridge  over  the  Turkey  river  on  the 
Howard-Winneshiek  county  line.  At  the  level  of  the  road,  at  the 
jsouth  end  of  the  bridge,  the  deposit  is  soft,  yellow,  earthy  dolo^ 
mite  which  is  broken  into  irregular  nodules  as-  a  result  of  weather- 
ing. The  fossils  occur  only  as  casts  or  impressions,  but  it  iS 
possible  to  recognize  Stropheodonta  demissa,  Productella  suhoc 
lata,  Spirifer  pennaius  and  Cyrtina  hamiltonensis.  Besides 
these  there  are  cast®  of  small  undetennined  gastropods  and 
pygidia  of  Phacops.  It  is  about  twenty-five  feet  from  the  level 
of  the  bridge  down  to  the  water  in  the  river.  The  slope  is  covered 
with  waste,  but  150  yards  west  of  the  bridge  the  wash  of  a  small 
intermittent  stream  exposes  the  beds  to  the  level  of  the  narrow 
flood  plain.  With  the  exception  of  one  or  two  layers  that  have 
been  quarried  on  a  small  scale,  the  rock  is  soft  and  easily  disin- 
tegrated into  a  yellow  sand  or  marl.  The  harder  layers,  which 
occur  about  the  middle  of  the  section,  contain  indistinct  impres- 
sions of  a  small  shell  like  Spirifer  subumbonus  Hall.  The  Pro- 
ductella beds  are  well  shown  in  the  river  bluffs  at  a  number  of 
points  in  section  1,  New  Oregon  township.  In  the  northeast 
•quarter  of  the  section  there  are  massive,  undecayed  ledges  of  the 
Productella  horizon,  forty  feet  in  thickness. 

Along  the  east  side  of  the  northeast  y^  of  section  24,  Vernon 
Springs  township,  there  are  exposures  of  badJy  broken  and 
weathered  limestone,  soft  and  magnesian,  but  rich  in  Productella 
•and  the  forms  usually  associated  with  it.  The  full  thickness  of 
this  part  of  the  Devonian  column,  about  forty  feet,  is  indicated 
T)y  the  rather  unsatisfactory  outcrops  on  the  long  sloping  hill- 
side. Near  the  summit  of  the  hill  the  next  higher  member  of  the 
series  is  seen,  but  after  passing  the  crest  the  Productella  beds 
reappear  on  the  slope  descending  to  the  valley  of  Silver  creek. 
These  beds  are  again  seen  north  of  the  southeast  comer  of  section 
1  in  the  same  township.  In  Albion  township  the  exposures  of 
the  Productella  horizon  are  quite  numerous,  though  they  are 
lather  unimportant  and  unsatisfactory.    In  the  northeast  ^/i  of 
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section  36  a  small  quarry  has  been  worked  at  this  horizon.  The 
beds  are  also  exposed  in  the  northwest  i^  of  section  27,  at  a  point 
one-fourth  of  a  mile  north  of  the  cemter  of  22,  and  at  numerous 
other  small  breaks  and  outcrops  along  the  Devonian  margin,  in 
the  northern  part  of  the  township. 

The  most  imix)rtant  exposure  of  the  Productella  beds  ooours  at 
Foreston,  near  the  northwest  comer  of  section  14,  Forest  City 
township.  As  usual  in  this  part  of  Iowa,  the  rock  is  a  rough,  vesi- 
cular dolomite,  rather  soft  and  non-crystalline.  The  bedding 
planes  are  largely  obliterated,  and  tlie  fossils  occur  only  as  casts. 
The  exposed  section  is  made  up  of  a  number  of  lieavy  ledges,  all 
very  much  alike.  The  beds  have  been  ijuarried  quite  extensively^ 
the  massive  blocks  being  used  in  the  construction  of  the  mill  dam 
and  in  other  structures  where  weight  and  strength  are  the  most 
desirable  characteristics.  Figure  11  is  a  view  at  the  south  end 
of  the  quarry,  showing  the  massive  character  of  the  layers  and 
the  rough,  vesicular  appearance  of  the  freshly  broken  surfaces. 
At  the  north  end  of  the  quarrj^  the  following  section  was  noted: 


Fio.  U.     Quarry  in  the  h<'avy,  dolomltized  Productc'lU  beds  at  Foreston,  In  Forest  City  townsMp. 
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rasT. 

5.  Decayed  ledges  badly  broken  up  and  divided  into 
comparatively  small  blocks 8 

4.  Coarse,  vesicular,  undecayed  bed,  very  fossiliferous, 
casts  and  imprbssions  of  Productella  subalata  com- 
mon ,  impressions  showing  the  coarse  ribs  and 
strong  spines  of  Atrypaaspera  numerous,  pygidium 
of  Pbacops  seen  occasionally S 

3.  Coarse,  pitted  layer  like  No.  4,  with  many  casts  of 
brachiopods  among  which  Productella  is  the  most 
common 4K 

2.     Soft,  light  yellow  bed  with  casts  of  Airy  pa  reticularis  3 

1.  Bed  like  No.  2,  but  softer  and  more  granular,  with 
few  fossils,  mostly  Atrypa  reticularis^  bed  divides 
in  places  into  four  parts  each  about  one  foot  in 
thickness,  in  places  the  parts  are  fused  together  on 
account  of  the  complete  obliteration  of  the  bedding 
planes 4 

There  are  massive  ledges  of  the  Productella  beds  in  the  steep 
bluffs  facing  the  river  in  section  12  of  Forest  City  township  and 
section  7  of  Albion.  The  lower  part  of  the  bluffs,  for  thirty  or 
forty  feet,  is  occupied  by  the  upper  portion  of  tiie  Maquoketa 
formation,  the  heavy  beds  of  the  Devonian  appearing  in  some 
places  qia&te  conspicuously  above  the  Maquoketa,  well  up  on  the 
steep  hillsides.  It  is  the  Productella  beds  that  are  seen  at  the 
level  of  the  water  below  the  mill,  at  the  old  town  of  Lime  Springs. 
Above  this  point  the  dip  of  these  beds  soon  carries  them  below  the 
level  of  the  stream. 

2,  The  member  of  the  Devonian  series  which  follows  the  Pro- 
ductella beds  in  Howard  county  is  the  equivalent  of  the  Acer^ou- 
laria  davidsoni  beds  of  Buchanan  county.  It  is  made  up  of  a 
succession  of  coarse,  dolomitic  layers  ranging  from  a  few  inches 
to  more  than  a  foot  in  thickness.  A  typical  exposure  of  these 
layers  shown  in  figure  12,  occurred  on  the  north  side  of  the  stream, 
immediately  below  the  mill  dam,  at  Vernon  Springs;  and  all 
the  way  to  the  east  line  of  the  county  these  beds  may  be  seen  in 
the  bluffs  of  the  Turkey  river,  overlying  the  Productella  horizon. 
As  the  county  line  is  approached  they  are  found  to  occupy  a  posi- 
tion forty  feet  or  more  above  the  level  of  the  stream.  Litbologic- 
ally  these  beds  resemble  certain  phases  of  the  Niagara  limestone 
in  Delaware  and  Dubuque  counties,  except  that,  in  place  of  the 
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chert  usilally  founc}  in  the  Niagara,  there  are  large  included 
masses  of  oalcite,  This  calcite  differs  from  that  which  will  pre- 
sently be  described  as  lining  spherical  or  definitely  shaped  cavities 
in  beds  higher  up  in  the  series.  The  spaces  it  occupies  are  shape- 
less and  irregiular  and  are  completely  filled.  The  formless, 
cleavable  masses  are  devoid  of  any  indications  of  crystal  faces  or 
crystal  outlines. 

The  exposure  at  the  mill  dam  (Fig.  12)  covers  a  comparatively 
large  area  and  gives  an  unusually  favorable  opportunity  for  the 


Fia.  12.    Typical  exposure  of  the  coarse,  caldte-bearing  beds  (Acervnlarla  horizon),  below  the 

mill  dam  at  Vernon  Springs. 

study  of  the  beds  in  detail.  Besides  the  characteristics  already 
noted,  this  horizon  is  distinguished  by  the  presence  of  casts  of 
Favosites  alpenen^sis  and  Acervularia  davidsoni.  The  presence 
of  the  corals  and  the  stratigraphic  position  of  the  beds  both  lead 
to  a  correlation  of  the  horizon  with  the  Acervularia  davidsoni 
zone  at  Independence,  Littleton^  Waterloo  and  Iowa  City*.  l?he 
marked  difference  in  the  textij.Te  and  composition  of  the  rocks  and 
in  the  perfection  and  abuncj/ance  of  the  fossils  are  duein  part  at 
least  to  the  great  changes  r^hich  were  wrought  during  the  process 

♦Compare  the  **  Coral  Reef  B  <i".in  the  report   on  Johnson  county,  Iowa  Oeol.ySurv;,. 
Vol.  Vn,  and  the  ' 'Acervularia  Z«jne"  in  the  report  on  Buchanan  county,  Vol.  VIII.  •    • 
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of  dolamitizatioii.  These  ooarse  dolomitic  beds  with  their  shape- 
less masses  of  caldte,  are  seen  at  intervals,  above  the  Produotella 
horizon,  along  the  east  line  of  the  county  from  section  25,  Vemou 
Springs  township,  to  the  north  line  of  section  36  in  Albion.  They 
may  be  recognized,  over  and  over  again,  in  their  proper  relations, 
all  aronnd  the  Devonian  margin.  One  of  the  most  f ossiliferous 
exposures  of  this  phase  occurs  in  the  side  of  a  ravine  near  the 
middle  of  the  west  line  of  section  15,  Albion  township.  The 
common  Favosites  aipenensis  is  comparatively  abundant  Beds 
belonging  to  essentially  the  same  horizon  are  found  in  the  Croft 
quarry  at  Elma,  in  section  1,  south  of  the  middle  of  Af  ton  town- 
ship. At  the  bottom  of  the  quarry  there  is  a  dark  brownish, 
crystalline,  dolomitic  layer  which  in  general  forms  the  floor.  It 
has,  however,  been  taken  out  over  a  few  square  yards;  it  is  very 
fossiUferous,  but  the  fossils  occur  only  as  casts.  The  forms 
recognized  are  Favosites  aipenensis,  Stropheodonta  demissa, 
Pentamerella  dubia,  Atrypa  reticularis,  Spirifer  suhvwricosus,  8. 
asper,  S.  fimbriatus,  a  large  species  of  Gomphoceras,  and  a  small 
species  like  G.  oviforme.  This  fauna  belong  to  a  horizon  just 
below  the  Aoervularia  zone,  and  its  equivalent  in  the  northeast- 
em  part  of  the  county  should  be  included  in  the  lower  part  of  the 
coarse  caldte  bearing  beds. 

3,  South  of  the  bridge  at  New  Oregon,  above  the  caldte  bearing 
beds  described  in  the  foregoing  paragraphs,  there  are  twenty  feet 
of  variable  strata,  composed*  in  part  of  soft  earthy  limestone 
grading  into  marly  shales,  and  in  part  of  fine-grained, 
whitish,  non-dolomitic  limestone.  The  section  is  not  very  satis- 
factory. In  fact  the  beds  of  this  horizon  were  not  well  shown  at 
any  point  in  the  county.  The  non-dolomitic  phase  of  this  member 
of  the  series  is  seen  in  loose,  weathered,  crackled  blocks,  a  short 
distance  west  of  the  middle  of  section  24,  Vernon  Springs  town- 
ship. A  better  exposure  of  the  crackled  beds  occurs  about  eighty 
rods  south  of  the  northeast  comer  of  section  10,  and  a  still 
Better  illustration  of  this  special  phase  is  found  in  the  northeast 
^^  of  section  12,  all  in  Vernon  Springs  township.  In  section  12 
the  beds  are  rich  in  stromatoporoids  similar  to  the  forms  oocrtir- 
ring  in  the  stromatoporoid  reef  from  Mitchell,  Worth  and  Cerro 
Gordo  counties  on  the  north,  to  Johnson  county  in  the  southern 
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7,  Albion  township,  and  the  eastern  pert  of  12,  Forest <3ity  town- 
ship, the  river  flows  between  bluffs  in  which  the  Maqnoketa  beds 
rise  in  vertical  exposures  to  a  height  of  forty  feet  above  the 
water.  The  upper  parts  of  the  bluffs  in  this  locality  are  every- 
where composed  of  Devonian  dolomite.  The  Maquoketa  finally 
•disappears  beneath  Devonian,  in  the  bottom  of  the  river  valley, 
one-half  mile  east  of  Foreston. 

The  general  characteristics  of  the  Maquoketa  or  Hudson  River 
formation,  as  seen  in  the  valley  above  Florenoeville,  are  well  illus- 
trated at  the  quarry  in  the  north  bank  of  the  stream  in  the  north- 
cast  14  of  section  8.  Figure  10  shows  the  relative  thicknesses  of 
the  harder  and  more  stony  layers  compared  with  the  soft,  shaly 
partings.  The  beds  that  are  souglit  for  building  stone  rarely 
jexoeed  four  inches  in  thickness.  The  inten^ening  seams  of  shale 
;are  equally  as  thick.  All  the  beds  yield  readily  to  the  weather, 
and  the  cliff  face  breaks  down  rapidly.  All  the  surfaces  which 
have  been  exposed  to  the  air  for  any  length  of  time,  are  bleached 
to  a  light  gray.  Fossils  are  not  very  common.  It  is  true  that 
some  of  the  beds  are  crowded  with  the  comminuted  stipes  of 
graptolites  in  such  condition  that  neither  genera  nor  species  can 
be  recognized.  Occasionally,  however,  there  are  perfect  individ- 
uals which  indicate  the  presence  of  such  common  Hudson  River 
tjrpes  as  Diplograptus  pristis;  Diplograptus  piitilltis  and  Dipto- 
graptus  quadrimucronatus.  The  second  species  is  included  on 
the  authority  of  the  Geology  of  Minnesota,  Vol.  Ill,  Part  1,  p. 
82.  Other  fossil  forms  ocourring  sparingly  are  Plectambonites 
\sericea,  small  forms  of  Rafinesquina  alternata,  Orthis  testudi- 
maria,  Isotelus  gigas  and  the  rather  short  and  broad  trilobitc 
with  rounded  cephalon  and  pygidium  which  Clarke  has  described 
in  the  Geology  of  Minnesota,  Vol.  Ill,  Part  II,  as  Isotelus  susae*. 


•The  Jsolelui  gusae  Whitfield  RptHjiew,  Geology  of  Wisconsin,  vol.  IV,  p.  236,  Is  a  very  differ- 
ent form  from  the  one  referred  by  Cflarke  to  this  Kpeclej*.  It  is  a  Hmaller,  more  convex,  thloker  in 
front  than  po  teriorlv,  with  the  anterior  part  of  the  head  deflected  so  that  near  the  front  margin 
the  nnrface  or  the  glabella  stands  nea^lvat  right  angles  to  the  general  plane  of  the  body — charac- 
teristicH  co'Tcctly  shown  in  Whitfield's  Figure  8,  Plate  10.  The  eyes  are  more  prominent,  the 
visual  snrface  is  larger  than  in  the  specii's  flgur^  and  described  by  Clarke,  ana  the  posterior  ' 

limb  of  th«  glabella  U  much  narrower  in  proportion  to  its  length.  In  the  (rolleotions  of  the  Unl- 
versity  at  Iowa  City,  there  are  three  specimens  of  Whitfield's  and  Calvin's  Asaphus  (lnotelug)  I 

su$<»et  from  the  Florenoeville  region,  but  they  are  all  from  the  upper  tmrt  of  the  Galena-Trenton. 
So  far  the  species  has  not  b(^n  found  in  the  Maquoketa  or  Hndsm  Kiver  shales     In  the  same  I 

oolleotions  there  are  three  specimens  of  the  very  different  form  re  errtxi  to  Isotelut  suaae  in 
volume  III  of  the  Minnesota  Survey,  which  are  from  outcrop:^  of  the  Maquoketa  shales  on  the 
river  above  Florenoeville  If  this  broad,  short,  flat  species  of  trllobite,  so  well  flgu'ed  and 
described  by  Clarke  in  the  Geology  of  Minnesota,  Vol.  Ill,  Part  II,  p.  708,  requires  a  distinctive 
;aame,  it  may  be  called  Jaotehta  florenceviUenaig  in  honor  of  the  small  village  near  which  it  is 
fbond. 
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DistribtUion. — The  distribution  of  the  Maquoketa  or  Hudson. 
River  deposits  is  not  limited,  as  is  the  case  with  the  Galena- ; 
Trenton,  to  the  walls  of  the  immediate  valley  of  the  Upper  Iowa 
river.  A  broad  tongue  of  Maquoketa  crosses  the  county  line^ 
from  Winneshiek,  in  sections  13,  24  and  25,  an<3)  extends  up  the 
valley  of  Nichols  creek  and  its  tributaries  to  near  the  west  line 
of  section  22.  There  is  another  tongue  of  Maquoketa,  but  smaller 
flian  the  preceding,  projecting  into  sections  12  and  13,  Vernon. 
Springs  township.  The  Maquoketa  comes  very  near  the  county,; 
if  it  does  not  quite  enter  it,  in  the  valley  of  the  Turkey  river.  At 
the  bridge  over  this  stream  on  the  county  ]ine,  there  are  exposures, 
of  the  Productella  beds  of  the  Devonian,  and  the  Devonian  is 
continued  down  to  the  level  of  the  water ;  but  less  than  one-half 
mile  east  of  the  county  line  the  Maquoketa  rises  fifteen  or  twenty 
feet  above  the  bottom  of  the  river  channel,  and  so  it  is  fairly 
probable  that  the  formation  wooild  be  found  beneath  the  water 
in  the  stream  and  the  soils  in  the  bottom  of  the  valley,  in  sections 
1  and  12,  New  Oregon  township. 

Typical  Exposures. — The  lower  pare  of  the  Maquoketa  in 
Howard  county,  for  a  thickness  of  about  60  feet,  is  composed  of 
the  thin,  indurated,  calcareo-magnesian  beds  with  alternating 
shaly  partings,  illustrated  at  the  quarry  in  section  8,  Albion  town- 
ship. Near  the  top  the  formation  varies  greatly,  and  the  character- 
istics of  the  same  horizon  are  quite  different  in  different  local- 
ities. The  details  of  the  upper  part  of  the  formJation  are  best 
studied  outside  the  limits  of  Howard,  in  Winneshiek  county, 
for  the  reason  that  the  greater  number  of  exposures  found  here 
afford  better  opportunities  for  observation.  For  example,  a 
section  embracing  the  upper  forty  feet  of  the  formation  is  seen 
along  the  south  line  of  section  16,  Lincoln  township  in  Winne- 
shiek. In  part  the  rock  of  this  section  is  a  magnesian  shale,  and 
in  part  it  is  a  crystalline  dolomite  resembling  the  Galena  lime- 
stone at  Dubuque.  The  fossils  recognized  here  are  Lingula,  a 
fragment  too  imperfect  to  be  identified  specifically,  Leptaena> 
unicostata,  Plectambonites  sericea,  Orthis  testudinaria  and  OrthiS' 
Jcankakensis.  The  locality  is  especially  interesting  for  the  reason 
that  the  ground  rises  gradually  toward  the  east,  and  near  the 
southeast  comer  of  the  section  named  there  are  dolomitiaed  beds- 
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oofntaining  Devonian  types  of  Stropheodonta,  Productellaj,  Atrypa 
and  Spirifer.  The  locality  is  especially  interesting  as  showing 
very  clearly  the  absence  of  the  Niagara  limestone  and  the  super- 
position of  the  Devonian  on  the  Maquoketa. 

Along  the  county  line  road,  on  the  east  side  of  section  13,  Vernon 
Springs  township,  the  hill  slope  leading  from  the  south  into  the 
valley  of  Silver  creek  shows,  at  the  top,  the  Productella  beds  of  the 
Devonian,  beneath  which  there  are  light  yellow  magnesian  shales 
and  harder  layers  of  granular  dolomite  belonging  to  the  Maquo- 
keta.  The  shaly  magnesian  beds  begin,  in  descending  the  hill, 
between  twenty-five  and  ^irty  feet  above  the  level  of  the  small 
valley.  Diligent  search  failed  to  reveal  any  fossils  in  them,  but 
their  relations  to  other  recognizable  hori;ions  in  the  Maquoketa 
leave  little  doubt  that  they  represent  the  transition  beds  at  the 
top  of  the  formation,  described  in  the  reports  on  the  counties  of 
Delaware  and  Dubuque.  On  the  north  side  of  Silver  creek  the 
Devonian,  with  its  usual  Productellas  and  Spirifers,  begins  not 
more  than  ten  feet  above  the  floor  of  the  valley,  and  there  is  no 
trace  of  the  light  colored  magnesian  Maquoketa.  Here  are  indi- 
cations of  an  unconformity.  The  creek  valley  widens  rapidly  in 
Winneshiek  county,  and  in  itd  floor  and  sides  are  many  inter- 
esting exposures  of  Maquoketa,  some  of  which  are  within  a  few 
feet  of  overlying  Devonian.  A  short  distance  east  of  the  south- 
west comer  of  section  16,  New  Orleans  township,  there  is  an 
outcrop  of  non-dolomitized  limestone  crowded  with  Plecta/mbo- 
nites  sericea  and  other  Ordovician  specie.?.  This  outcrop  recalls 
tlie  crowded  fossiliferous  slabs  of  limestone  so  common  every- 
where in  the  upper  part  of  the  Maquoketa,  a  few  feet  below  the 
transition  beds,  in  Dubuque  count5\  Thin  layers  of  limestone 
similarly  charged  with  the  common  Plectarabonites  occur  at 
various  points  in  sections  13,  14,  23,  24  and  25,  Albion  township. 
An  outcrop  of  upper  Maquoketa  along  the  north  line  of  the  north- 
cast  l^  of  section  8,  has  numerous  individuals  of  Streptela>sma 
corniculum  associated  with  the  Plectambonites.  The  most  inter- 
esting assemblage  of  fossils  occurs  in  what  are  practically  the 
very  uppermost  beds  of  the  Maquoketa,  on  the  east  line  of  the 
southeast  %  of  section  25.  At  this  point  there  are  the  magnesian 
transition  beds  noted  in  section  13,  Vernon  Springs  township. 


BBVONIAN    SYSTBM.  49 

but  associated  mth  them  are  some  non-dolomitic  layers  rich  in 
y^l  preserved  fossils  which  are  identical  in  fonn,  size  and  gen- 
eral expression  with  corresponding  species  from  the  Cincinnati 
shales  of  Ohio  and  Indiana.  The  Cincinnati  types  here  indude 
robust  forms  of  Rhynchotrema  capcuc,  Rafinesquina  altemata 
and  the  varietal  form,  R.  nasuta.  There  are  other  species,  such 
as  Ofihis  testudinaria  and  Plectambonites  sericea,  which  do  not 
vary  in  many  other  exposures  in  Iowa  from  the  forms  occurring 
in  the  Cincinnati  shales.  The  fossil  bearing  layers  are  pure  lime- 
stone, some  of  them  being  completely  crinoidal. 

Correlation  cmd  Thickness. — The  Maquoketa  formation  is 
much  thinner  in  Howard  county  than  it  is  in  Dubuque.  The 
lower  indurated  beds  with  numerous  graptolites,  exposed  in  the 
river  valley  above  Florenceville,  may  be  correlated  with  the  hard, 
slaty,  graptolite-bearing  shales  which  make  up  the  Lower  Maquo- 
keta in  Dubuque  coimty.  The  heavy  body  of  plastic  shales  which 
compose  the  greater  part  of  the  Upper  Maquoketa  in  the  Dubuque 
county  report,  seems  to  be  absent  from  Howard  county,  the 
upper  member  of  the  formation  being  represented  only  by  the 
calcareous,  fossiliferous  layers  and  the  magnesian  transition  beds 
which  lie  above  the  plastic  clays  farther  south.  The  whole  thick- 
ness of  the  Maquoketa  does  not  here  exceed  100  feet,  while  in 
Dubuque  county  the  thickness  is  fully  twice  as  great. 

Devonian  System. 

GENERAL   DESCRIPTION. 

The  Devonian  rocks  of  Howard  county  are  all  calcareous;  all 
are  more  or  less  magnesian;  the  greater  portion  of  the  entire 
system  would  be  classed  as  impure  dolomite.  True  shales  were 
not  observed  anywhere.  Dolomitization  of  the  Devonian  is 
more  common  in  the  northem  part  of  the  state  than  at  the  southern 
outcrops  in  Johnson,  Cedar,  Muscatine,  and  Scott  counties,  thus 
reversing  the  rule  that  has  been  observed  in  relation  to  the  dolomi- 
tization of  the  Galenar Trenton.  The  lowest  beds  seen  in  Howard 
county  belong  to  a  horizon  far  about  what  has  been  recognized 
as  the  base  of  the  Devonian  in  the  southern  part  of  the  area  of 
its  distribution.    The  beds  which  rest  directly  on  the  Maquoketa 
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contain   Stropheodanta   demissa  Crairad,  Productetta  subttiata 
Hailj  Atrypa  reticularis  lan.^  Atrffpa  aspera  Scfalot,  Spirifer 
pewnatus  Owen  and  Ct/rfina   hamiUonensis  Hall.     The   faiLii& 
indicates  a  horizon   equivalent   to  that  repi^eeented  ahoot   the 
middle  of  the  qnames  at  Independence  in  Buchanan  county.    In 
this  zone  in  Howard  county,  Productella  is  the  most  abundant 
and  most  characteristic  fossil,  and  it  is  convenient  to  refer  to  tho 
horizon  as  the  Productella  beds.    This  zone  belongs  to  the  Upper 
Davenport  beds  of  Norton,  below  which,  Ijefore  reaching  the  base 
of  the  Devonian  in  Linn,  Cedar  and  Scott  counties,  there  are  the 
divisions  of  the  Wapsipinicon  stage  which  have  been  described 
as  Lower  Davenport,  Lidependence,  Otis  and  Coggan. 

There  are  here  some  interesting  and  puzzling  anomalies  in 
the  distribution  and  vertical  range  of  certain  species,  which  are 
deserving  of  notice.  For  example  the  Productella  beds  have  a 
thickness  of  forty  feet,  a  thickness  more  than  twice  as  great  as 
that  of  the  corresponding  beds  at  Independence.  They  are  over- 
lain by  fifteen  to  twenty  feet  of  coarse  dolomite  characterized 
by  the  inclusion  of  large  masses  of  crystalline  calcite.  In  these 
coarse,  calcite  bearing  beds  there  are  occasional  casts  and  impres- 
sions of  Fa/vosites  alpenensis  and  Acervularia  davidsoni.  These 
corals  are  in  their  usual  stratigraphic  relation  to  Productella, 
and  so  far  the  succession  of  life  zones  is  in  accord  with  the 
Devonian  section  in  Buchanan  county.  But  in  the  Salisbury 
quarry  at  Vernon  Springs,  twenty  feet  or  more  above  the  top  of 
the  coarse,  coral  bearing  dolomite,  there  are  layers  only  slightly 
magnesian  in  which  Gypidula  comis,  Atrypa  aspera,  and  the  lenti- 
cular, elongated,  finely  striated  type  of  Atrypa  reticularis,  known 
heretofore  only  from  the  horizon  of  the  Independence  quarries, 
are  well  preserved.  This  particular  form  of  the  Atrypa  reticu- 
laris should  be  found  below  the  coral  horizon  and  never  above. 
Its  place  is  with  Productella.  At  Independence  the  Gypidula  is 
found,  rather  sparingly,  as  high  as  the  beds  carrying  Productella, 
but  from  Independence  to  Davenport,  Gypidula  is  more  charac- 
teristic of  the  Lower  Daveport  beds  than  of  any  other  horizon, 
and  yet  the  Lower  Davenport  beds  are  not  even  represented  in 
Howard  county.    These  forms  seem  to  have  re-raigrated  into  this 


twritor^  loiig  after  they  had  permanently  disappeafedfroni'otlier 
parts  of  Iowa.  ' '  ^' 

Typical  Exposures.— 1^  The  lowest  member  of  the  Devoniaii 
iection  in  Howard  county,  ebiriposed  of  the  Productella  beds,  iS 
typically  exposed  at  the  bridge  over  the  Tiirkey  river  on  the 
Howard-Winneshiek  county  line.  At  the  level  of  the  road,  at  the 
south  end  of  the  bridge,  the  deposit  is  soft,  yelloi?^,  earthy  dolo«- 
mite  which  is  broken  into  irregular  nodules  as  a  result  of  weather- 
ing. The  fossils  occur  only  as  casts  or  impressions,  but  it  iS 
possible  to  recognize  Stropheodonta  demissa,  Productella  subOh 
iaia,  Spirifer  pennaius  and  Cyrtina  hamiltonensis.  Besides 
these  there  are  cast®  of  small  undetermined  gastropods  and 
pygidia  of  Phacops.  It  is  about  twenty-five  feet  f roto  the  level 
•of  the  bridge  down  to  the  water  in  the  river.  The  slope  is  covered 
with  waste,  but  150  yards  west  of  the  bridge  the  wash  of  a  small 
intermittent  stream  exposes  the  beds  to  the  level  of  the  narrow 
flood  plain.  With  the  exception  of  one  or  two  layers  that  have 
been  quarried  on  a  small  scale,  the  rock  is  soft  and  easily  disin- 
tegrated into  a  yellow  sand  or  marl.  The  harder  layers,  which 
•occur  about  the  middle  of  the  section,  contain  indistinct  impres- 
sions of  a  small  shell  like  Spirifer  subumhonus  Hall.  The  Pro- 
ductella beds  are  well  shown  in  the  river  bluffs  at  a  number  of 
points  in  section  1,  New  Oregon  township.  In  the  northeast 
•quarter  of  the  section  there  are  massive,  undecayed  ledjces  of  the 
Productella  horizon,  forty  feet  in  thickness. 

Along  the  east  side  of  the  northeast  14  ^^  section  24,  Vernon 
Springs  township,  there  are  exposures  of  badly  broken  and 
weathered  limestone,  soft  and  magnesian,  but  rich  in  Productella 
.and  the  forms  usually  associated  with  it.  The  full  thickness  of 
this  part  of  the  Devonian  column,  about  forty  feet,  is  indicated 
by  the  rather  unsatisfactory  outcrops  on  the  long  sloping  hill- 
side. Near  the  summit  of  the  hill  the  next  higher  member  of  the 
series  is  seen,  but  after  passing  the  crest  the  Productella  beds 
reappear  on  the  slope  descending  to  the  valley  of  Silver  creek. 
These  beds  are  again  seen  north  of  the  southeast  comer  of  section 
1  in  the  same  township.  In  Albion  township  the  exposures  of 
the  Productella  horizon  are  quite  numerous,  though  they  are 
lather  unimportant  and  unsatisfactory.    In  the  northeast  %  of 
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section  36  a  small  quarry  has  been  worked  at  this  horizon.  The 
beds  are  also  exposed  in  the  northwest  I/4  of  section  27,  at  a  point 
one-fourth  of  a  mile  north  of  the  cemter  of  22,  and  at  numerous 
other  small  breaks  and  outcrops  along  the  Devonian  margin,  in 
the  northern  part  of  the  township. 

The  most  imix>rtant  exposure  of  the  Productella  beds  ooours  at 
Foreston,  near  the  northwest  comer  of  section  14,  Forest  City 
township.  As  usual  in  this  part  of  Iowa,  the  rock  is  a  rough,  vesi- 
cular dolomite,  rather  soft  and  non-crystalline.  The  bedding 
planes  are  largely  obliterated,  and  tlie  fossils  occur  only  as  casts. 
The  exposed  section  is  made  up  of  a  number  of  lieavy  ledges,  all 
very  much  alike.  The  beds  have  been  quarried  quite  extensively^ 
the  massive  blocks  being  used  in  the  construction  of  the  mill  dam 
and  in  other  structures  where  weight  and  strength  are  the  most 
desirable  characteristics.  Figure  11  is  a  view  at  the  south  end 
of  the  quarry,  showing  the  massive  character  of  the  layers  and 
the  rough,  vesicular  appearance  of  the  freshly  broken  surfaces. 
At  the  north  end  of  the  quarry  the  following  section  was  noted : 


Fio.  11.     Qnarrj  in  the  hc«vy,  dolomitized  ProductoUa  b<  ds  at  Foreston,  In  Fonwt  City  township. 
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5.  Decayed  ledges  badly  broken  up  and  divided  into 
comparatively  small  blocks 8 

4.  Coarse,  vesicular,  undecayed  bed,  very  fossiliferous, 
casts  and  impressions  of  Productella  subalata  com- 
mon, impressions  showing  the  coarse  ribs  and 
strong  spines  of  Atrypa  aspera  numerous,  pygidium 
of  Phacops  seen  occasionally 5 

3.  Coarse,  pitted  layer  like  No.  4,  with  many  casts  of 
brachiopods  among  which  Productella  is  the  most 
common 4)^ 

2.     Soft,  light  yellow  bed  with  casts  of  Atrypa  reticularis  3 

1.  Bed  like  No.  2,  but  softer  and  more  granular,  with 
few  fossils,  mostly  Atrypa  reticularis ^  bed  divides 
in  places  into  four  parts  each  about  one  foot  in 
thickness,  in  places  the  parts  are  fused  together  on 
account  of  the  complete  obliteration  of  the  bedding 
planes 4 

There  are  massive  ledges  of  the  Productella  beds  in  the  steep 
bluffs  facing  the  river  in  section  12  of  Forest  City  township  and 
section  7  of  Albion.  The  lower  part  of  the  bluffs,  for  thirty  or 
forty  feet,  is  occupied  by  the  upper  portion  of  the  Maquoketa 
formation,  the  heavy  beds  of  the  Devonian  appearing  in  some 
places  quite  conspicuously  above  the  Maquoketa,  well  up  on  the 
steep  hillsides.  It  is  the  Productella  beds  that  are  seen  at  the 
level  of  the  water  below  the  mill,  at  the  old  town  of  Lime  Springs. 
Above  this  point  the  dip  of  these  beds  soon  carries  them  below  the 
level  of  the  stream. 

2,  The  member  of  the  Devonian  series  which  follows  the  Pro- 
ductella beds  in  Howard  county  is  the  equivalent  of  the  Acervu- 
laria  davidsoni  beds  of  Buchanan  county.  It  is  made  up  of  a 
succession  of  coarse,  dolomitic  layers  ranging  from  a  few  inches 
to  more  than  a  foot  in  thickness.  A  typical  exposure  of  these 
layers  shown  in  figure  12,  occurred  on  the  north  side  of  the  stream, 
immediately  below  the  mill  dam,  at  Vernon  Springs;  and  all 
the  way  to  the  east  line  of  the  county  these  beds  may  be  seen  in 
the  bluffs  of  the  Turkey  river,  overlying  the  Prodiuictella  horizon. 
As  the  county  line  is  approached  they  are  found  to  occupy  a  posi- 
tion forty  feet  or  more  above  the  level  of  the  stream.  Lithologic- 
ally  these  beds  resemble  certain  phases  of  the  Niagara  limestone 
in  Delaware  and  Dubuque  counties,  except  that,  in  place  of  the 
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chert  usilally  found  in  the  Niagara,  there  are  large  included 
masses  of  oalcite,  This  caldte  differs  from  that  which  will  pre- 
sently be  described  as  lining  spherical  or  definitely  shaped  cavities 
in  beds  higher  up  in  the  series.  The  spaces  it  occupies  are  shape- 
less and  irregular  and  are  completely  filled.  The  formless, 
cleavable  masses  are  devoid  of  any  indications  of  crystal  faces  or 
crystal  outlines. 

The  exposure  at  the  mill  dam  (Pig.  12)  covers  a  comparatively 
large  area  and  gives  an  unusually  favorable  opportunity  for  the 


Pia.  12.    Typical  exposure  of  the  coarse,  caldte-bearing  beds  (Acervnlarla  horizon),  below  the 

mill  dam  at  Vernon  Springs. 

study  of  the  beds  in  detail.  Besides  the  characteristics  already 
noted,  this  horizon  is  distinguished  by  the  presence  of  casts  of 
Favosites  alpenensis  and  Acervularia  davidsoni.  The  presence 
of  the  corals  and  the  stratigraphic  position  of  the  beds  both  lead 
to  a  correlation  of  the  horizon  witjjr-^e  Acervularia  davidsoni 
zone  at  Independence,  Littleton^-^'Waterloo  and  Iowa  City*.  The 
marked  difference  in  the  text^te  and  composition  of  the  rocks  and 
in  the  perfection  and  abundance  of  the  fossils  are  due  in  part  at 
least  to  the  great  changes/ ^rhich  were  wrought  during  the  process 

•dompare  the  *^Ooifal  Reef_F  -d"  in  the  report  on  Johnson  county,   Iowa  Qeol.  ySurv.s. 
Vol.  Vn,  and  the  *  ♦Xcervularia  T^ne"  in  the  report  on  Buchanan  county,  Vol.  VIII. 
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of  dolomitization.  These  coarse  dolomitio  beds  with  their  shape- 
less masses  of  calcite,  are  seen  at  intervals,  above  the  Productella 
horizon,  along  the  east  line  of  the  county  from  section  25,  Vernon 
Springs  township,  to  the  north  line  of  section  36  in  Albion.  They 
may  be  recognized,  over  and  over  again,  in  their  proper  relations, 
all  around  the  Devonian  margin.  One  of  the  most  fossiliferous 
exposures  of  this  phase  occurs  in  the  side  of  a  ravine  near  the 
middle  of  the  west  line  of  section  15,  Albion  township.  The 
common  Favosites  cdpenensis  is  comparatively  abundant  Beds 
belonging  to  essentially  the  same  horizon  are  found  in  the  Croft 
quarry  at  Elma,  in  section  1,  south  of  the  middle  of  Afton  town- 
ship. At  the  bottom  of  the  quarry  there  is  a  dark  brownish, 
crystalline,  dolomitic  layer  which  in  general  forms  the  floor.  It 
has,  however,  been  taken  out  over  a  few  square  yards;  it  is  very 
fossiliferous,  but  the  fossils  occur  only  as  casts.  The  forms 
recognized  are  Favosites  cdpenensis,  Stropheodonta  demissa, 
PentamereUa  dubia,  Atrypa  reticularis,  Spirifer  subvaricosus,  8. 
asper,  S.  fimhriaius,  a  large  species  of  Gomphoceras,  and  a  small 
species  like  G.  oviforme.  This  fauna  belong  to  a  horizon  just 
below  the  Aoervularia  zone,  and  its  equivalent  in  the  northeast- 
em  part  of  the  county  should  be  included  in  the  lower  i)art  of  the 
coarse  caldte  bearing  beds. 

3,  South  of  the  bridge  at  New  Oregon,  above  the  caldte  bearing 
beds  described  in  the  foregoing  paragraphs,  there  are  twenty  feet 
of  variable  strata,  composed-  in  part  of  soft  earthy  limestone 
grading  into  marly  shales,  and  in  part  of  fine-grained, 
whitish,  non-dolomitic  limestone.  The  section  is  not  very  satis- 
factory. In  fact  the  beds  of  this  horizon  were  not  well  shown  at 
any  point  in  the  county.  The  non-dolomitic  phase  of  this  member 
of  the  series  is  seen  in  loose,  weathered,  crackled  blocks,  a  short 
distance  west  of  the  middle  of  section  24,  Vernon  Springs  town- 
ship. A  better  exposure  of  the  crackled  beds  occurs  about  eighty 
rods  south  of  the  northeast  comer  of  section  10,  and  a  still 
Better  illustration  of  this  special  phase  is  found  in  the  northeast 
y^  of  section  12,  all  in  Vernon  Springs  township.  In  section  12 
the  beds  are  ridi  in  stromatoporoids  similar  to  the  forms  occur- 
ring in  the  stromatoporoid  reef  from  Mitchell,  Worth  and  Cerro 
Oordo  counties  on  the  north,  to  Johnson  county  in  the  southern 
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part  of  the  Devonian  area.  Besides  the  atromatoporoids  the  bedc 
carry  a  small  digitate  Favosites  and  the  usual  gastropod  of  this 
horizon,  Euomphalus  cyclostomus.  The  non-dolomitic,  fine- 
grained,  white  limestone  of  this  horizon  is  the  equivalent  of  the 
beds  described  as  **fi*ne-grained,  white  limestone"  in  the  reports 
on  Johnson  and  Cerro  Gordo  counties.  This  phase  of  the  Devon- 
ian, which  is  always  associated  with  the  stromatoporoid  horizon, 
attains  its  fullest  development  in  Mitchell  county  and  in  ttie 
northern  part  of  Floyd,  where  it  takes  on  the  characteristics  of 
a  fine  lithographic  stone.  The  same  lithographic  phase,  but  less 
perfectly  developed,  occurs  at  LeRoy  in  Minnesota,  a  short  dis- 
tance from  the  north  Howard  c6unty  line.  This  third  member  of 
the  Devonian  series  is  quite  variable.  While,  in  the  northeastern 
part  of  the  oonmty,  the  non-dolomitic  stromatoporoid  beds  occur 
in  it^  these  beds  are  not  always  present  The  greater  part  of  this 
portion  of  the  section  is  a  soft,  magnesian,  earthy  limes-tone  which 
breaks  down  rapidly  into  a  marly  clay  or  into  irregular  concre- 
tionary fragments.  The  exact  line  separating  this  from  the  next 
overlying  member  of  the  section  could  not  be  definitely  traced. 

4,  The  beds  which  follow  No.  3  in  ascending  order  are  typi- 
cally represented  in  the  quarries  at  Vernon  Springs.  One  of 
these  quarries,  which  was  formerly  worked  quite  extensively,  is 
located  on  land  belonging  to  H.  C.  Salisbury,  in  the  southwest  % 
of  the  southwest  i/4  of  section  34,  Vernon  Springs  township. 
Other  exposures  occur  in  the  Patterson  quarries  in  the  northeast 
^,4  of  the  same  quarter  section,  and  in  a  small  quarry  near  the 
river  in  the  southwest  l^  of  section  33.  At  the  base  of  the  Salis- 
bury quarry  there  are  several  courses  of  firm  bluish  limestone  not 
dolomitic.  The  individual  courses  are  from  one  to  two  feet  in 
thickness,  and  the  aggregate  exposed  is  about  eight  feet  The  fos- 
sils are  mostly  brachiopods  and  the  shells  are  well  preserved. 
Among  the  species  noted  are  Gypidula  comis,  Atrypa  as  per  a  and 
the  fine  lined  type  of  Atrypa  reticularis  found  in  the  quarries  at 
Independence.  Reference  has  already  been  made  to  the  fact  that 
this  fauna  seems  very  much  out  of  place  in  a  position  above  the 
Acervularia  and  stromatoporoid  horizons.     The  concurrence  of 
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these  special  types  of  brachiopods  is  unknown  elsewhere*  except 
at  the  horizon  of  the  quarry  stone  at  Independienoe,  a  horizon 
which  corresponds  to  that  of  the  Productella  bedfe  of  Howard 
county. 


Fig.  la     The  Salisbury  quarry,  near  Vernon  Springs. 

5.  In  the  Salisbury  quarry  (Fig.  13)  the  beds  last  described 
are  overlain  by  soft,  granular,  magnesian  limestone  stained  more 
or  less  with  iron  oxide  and  varying  in  color  from  dirty  yellow 
to  dull  brown  and  red.  This  fifth  division  of  the  Howard  county 
Devonian  has  a  total  thickness  of  at  least  fifty  feet.    It  furnishes 

*The  three  species,  Oy^idula  comiSy  Atrypa  aapera  and  Atrypa  reticulariSy  occur  together  in 
the  Liime  Creek  shales  at  Kockford  in  Floyd  county  and  at  Hackberry  Grove  in  Cerro  Gordo,  but 
in  all  three  cases  the  forms  are  varietally  diffc*  ent  from  those  at  Inaependence.  The  A.  anpera 
at  Independence  is  Hall's  variety  A.  occidentalism  while  the  similar  species  in  the  Lime  Creek 
shales  ha^  been  referred  to  the  variety  A.  hyslrix.  The  A.  reticularis  of  the  two  horizons  differs 
very  strikinglv  in  size,  markings  and  general  proportions,  and  the  Gypidulas  are  sufficiently 
distinct  to  maKe  their  separation  a  simple  and  easy  matter.  The  species  as  they  occur  in  the 
Salisburv  quarry  are  all  of  the  types  found  at  Independence.  These  species  all  persisted  some- 
where—In the  meantime  suffering  more  or  less  modification  in  form— during  the  interval  which 
separated  the  age  of  the  quarry  stone  at  Independence  from  that  of  the  shales  at  Rockford,  and 
the  fact  that  they  migrated  into  Iowa  and  temporarily  occupied  nome  parts  of  it  at  different  times 
daring  the  interval,  need  occasion  no  surprise.  The  re-migration  which  enabled  them  to  occupy 
Howard  county  long  after  they  had  disappeared  from  Buchanan,  occurred  l^fore  modification 
had  progressed  to  any  appreciable  extent. 

50Rep 
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the  beet  of  the  building  stone  quarried  in  the  county.  It  is  the 
equivalent  of  the  **Yellow,  earthy  limestone"  quarried  near 
Littleton  and  described  in  the  report  on  Buchanan  county,  (Iowa 
Oeological  Survey,  Vol.  VIII,  p.  234).  Lithologically  the  beda 
are  very  similar  in  Howard  and  Buchanan.  The  characteristics 
are  unusually  persistent. 
The  Salisbury  quarry  affords  the  following  section: 


5.     Black  soil  mixed  with  broken  rock 1 

4.  Rock  in  broken ,  angular  fragments  affording  an  illus- 
tration of  how  the  stone  yields  to  frost  and  weather      4 

3.  Heavy  conrses  of  good  bnilding  stone,  soft,  magne- 
sian,  yellow  or  brown  in  colcr,  containing  numer- 
ous spheroidal  cavities  lined  with  crystals  of  calcite, 
fossils  rare  and  represented  only  by  casts 8 

2.     Band  of  softer,  more  argillaceous  limestone  in  three 

or  four  layers,  calcite  Hoed  cavities  numerous 3 

1 .    Courses  of  more  solid  and  purer  limestone  from  one 

to  three  feet  in  thickness,  fossil  shells  preserved. . .       7 

Number  1  i>f  this  section  is  composed  of  the  beds  already 
described,  which  constitute  ^e  fourth  member  of  the  Devonian 
series,  while  2,  3,  and  4  represent  the  lower  part  of  the  fifth.  All 
the  beds  of  the  quarry  are  cut  at  short  intervals  by  oblique 
joints.  The  other  quarries  in  the  immediate  vicinity  of  Vernon 
Springs  show  nothing  essentially  different  from  what  is  seen 
in  the  quarry  described.  In  the  northwest  14  of  section  33,  Vernon 
Springs  township,  quite  an  amo«unt  of  stone  has  been  taken  out^ 
and  the  opening  shows  three  heavy  ledges  ,each  about  three  and 
a  half  feet  in  thickness,  cut  by  numerous  joints,  and  presenting 
many  vug-like,  or  geode-like  cavities  lined  with  calcite.  The 
rock  resembles  No.  3  of  the  Salisbury  quarry,  but  the  beds  are 
higher  in  the  series.  The  workable  layers  are  overlain  by  from 
four  to  five  feet  of  small,  angular,  worthless  fragments  which 
have  resulted  from  the  disintegration  of  still  higher  beds. 

The  largest  quarry  in  tiie  county  is  operated  by  John  Hallmau 
near  the  Fair  ground,  in  the  western  edge  of  Cresco.  It  has  been 
opened  by  working  down  beneath  the  surface  of  the  level  prairie. 
In  stratigraphic  position  the  beds  here  lie  above  any  heretofore 
noted  and  are  probably  the  highest  to  be  foamd  within  our  terri- 
tory.   The  rock  is  earthy,  magnesian,  rather  soft,  but  it  seems  to 
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be  capable  of  standing  the  weather  fairly  well.  At  some  points, 
the  qnairy  has  been  worked  to  a  depth  of  twenty  feet  Toward 
the  top  the  bedding  is  quite  regular  in  places  for  a  thickness  of 
eight  feet)  and  the  stone  may  be  taken  out  in  courses  ranging 
from  three  to  six  inches  in  thickness.  The  whole  deposit  is  very 
irregularly  jointed,  the  joints  cutting  the  beds  at  every  angle 
from  vertical  to  horizontal.  In  the  lower  part  of  the  quarry  the 
bedding  is  quite  irregular,  the  courses  are  thicker  and  they  pitch 
and  roll  in  the  most  confused  way,  in  different  directions.  Crush- 
ing and  movement  since  the  deposit  was  laid  down  are  indicated 
by  the  general  development  of  slickensides  on  the  joint  faces. 
Fossils  are  very  rare.  A  few  impressions  of  what  seemed  to  be 
Stropheodonta  demissa  were  noted,  together  with  obscure  frag- 
ments of  plates  of  fishes. 

The  upper  part  of  the  Salisbury  quarry  and  the  higher  beds 
exposed  in  the  other  openings  near  Vernon  Springs  are  repre- 
sented in  a  small  opening  from  which  a  considerable  quantity 
of  good  building  stone  has  been  taken,  in  the  northeast  l^  of  the 
southeast  l^  of  section  14,  Forest  City  towlnship.  The  location  is 
on  one  of  the  high  points  in  an  area  of  thin  drift  and  consequent 
pregladal  topography.  There  is  not  more  than  six  inches  of  soil 
above  the  four  foot  band  of  decayed  and  broken  stone  which 
represents  the  effects  of  frost  and  weather.  Below  the  fragment- 
ary band  the  stone  is  sound,  lies  in  heavy  ledges,  is  freer  than 
usual  from  calcite  lined  cavitie's  and  is  capable  of  affording 
dimension  blocks  of  fair  sizes.  Much  of  it  is  streaked  with  iron 
oxide,  a  feature,  however,  better  shown  in  the  next  quarry  to  be 
described.  The  only  fossil  observed  here  was  an  imperfect 
impression  of  a  closely  coiled,  nautiloid  cephalopod.  The  same 
beds  are  shown  in  a  somewhat  extensively  worked  quarry  belong- 
ing to  M.  H.  Jones,  in  the  southeast  i/4  ^f  the  southeast  ^4  ^^ 
section  24,  Chester  township.  The  beds  are  soft,  granular  and 
magnesian  as  usrtial.  They  are  stained  by  the  secondary  infil- 
tration of  iron  oxide  which  is  arranged  in  flexuous,  concentric, 
parallel  bands  around  certain  nuclei,  the  disposition  of  the  bands 
being  in  no  way  influenced  by  joints  or  lamination  planes.  The 
vug-like  cavities  lined  with  calcite  are  common.  This  completes 
the  observations  made  on    the  fifth  member   of   the   Devonian 
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mrface  between  the  two  points— abonzt  seven  feet  ^  the  mile — 
is  greater  than  the  dip  of  the  strata^  and  hence  it  is  that  the 
Elma  horizon  is  lower  than  the  -horizon  of  the  quarry  stone  at 
Cresco.  The  limestones  at  Cresco  are  the  highest,  stratigraphi- 
cally,  occnrring  in  the  county. 

The  general  section  of  the  Howard  county  "Devonian  may  be 
arranged  in  the  following  divisions: 


5.  The  quarry  beds  at  Cresco,  Vemoa  Springs,  the 
Jones  quarry  in  section  24,  Chester  township ,  and 
the  quarry  on  high  ground  in  the  southeast  i  of 
section  14,  Forest  City  township 50 

4.     Non-dolomitic   beds  at   the  base  of  the  Salisbury 
^  quarry  and  exposed  at  a  few  other  points,  as  in 

section  18,  Forest  City  township,  carrying  Orthis, 
Gypidula  and  Atrypa  like  forms  found  in  the 
quarries  at  Independence 8 

3.  Beds  varying  in  character,  some  of  the  layers  white, 
fine-grained,  lithographic,  in  some  places  rich  in 
stromatoporoid  corals 15 

2.'  Coarse-grained,  dolomitic  beds  in  the  northeastern 
part  of  the  county,  less  dolomitic  at  Elma  and 
southwest,  the  horizon  of  Pavosites,  Acervularia 
and  Pentamerella,  the  quarry  beds  at  Elma  and 
the  country  southwest 15 

1.  Productella  beds,  soft,  buff  colored,  vesicular  dolo- 
mite, with  casts  of  fossils,  quarried  in  massive 
blocks  at  Poreston,  the  real  equivalent  of  the 
quarry  stone  beds  at  Independence 40 

Pleistocene  System. 

KANSAN  STAGE. 

Kansan  Ti//.— The  oldest  drift  sheet  positively  recognized  in 
Howard  cjounty  is  ihe  Kansan.  In  boring  deep  farm  wells  on  the 
prairies,  partially  decayed  logs  and  other  remnants  of  buried 
forests  are  found  at  various  depths  ranging  to  250  feel;  but 
tbe  evidence  of  a  definite  forest,  peat  or  soil  horizon  between  two 
distinct  bodies  of  glacial  detritus,  is  not  clear.  There  is  as  yet 
no  certainty  that  the  sub-Aftonian  or  pre-Kansan  till  is  present 
in  the  area  we  are  considering,  althaa;gh  it  is  very  probable  that 
it  exists  in  the  parts  of  the  county  covered  with  deep  drift,  in 
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the  beds  in  both  quarries  may  be  referred  to  the  horizon  of  the 
coarse,  caldte , bearing  member,  manber  2,  exposed  at  Vernon 
Springs  and  shown  in  figure  12.  No  fossils  were  seen  above  the 
bosad  layer  of  the  Croft  quarry.  The  overlying  limestone  is 
regularly  bedded,  coarse-grained,  contains  large  amounts  of 
caloite,  lies  in  layers  ten  inches  to  a  foot  in  thickness  at  the  bottom, 
but,  toward  the  top  of  the  quarry,  splits  into  thin  flags  two  or 
three  inches  in  thickness. 

Beds  corresponding  to  the  upper  part  of  the  Orof  t  quarry  have 
been  worked  for  building  stone  at  points  from  three  and  a  half 
to  four  miles  west  of  Elma.  There  is  one  opening  on  land 
of  M.  Monaghan  near  the  center  of  section  8,  and  another  on 
land  of  J.  Eoche  in  the  western  edge  of  section  9,  in  the  southern 
part  of  Afton  township.  Both  of  these  quarries  were  opened  in 
the  surface  of  the  level  prairie.  Neither  has  been  operated  for  :\ 
number  of  years.  Soil  has  washed  down  over  the  face  of  the 
layers,  and  growth  of  vegetation  has  helped  to  obscure  the  situa- 
tion. There  is  another  abandoned  quarry  three-fourths  of  a  mile 
south  of  Elma,  on  land  belonging  to  Henry  Miller.  A  rank 
igi^owth  of  weeds  and  bushes  conceals  all  the  layers  except  one 
heavy,  dolomitic  ledge  eighteen  inches  in  thickness.  This  point 
is  higher  than  the  Croft  quarry,  and  the  beds  are  probably  equiv- 
alent to  some  part  of  the  third  division  of  the  Howard  county 
Devonian. 

Thin  bedded,  coarse-grained,  magnesian  limestone  like  that  in 
the  upper  i>art  of  the  Orof t  quarry,  is  exposed  in  the  banks  and 
bottom'  of  a  small  branch  of  Crane  creek,  in  the  northeast  y^ 
of  section  33,  Saratoga  township.  At  one  poiut  a  small  quarrj" 
has  been  opened,  but  the  stone  comes  out  in  pieces  too  small  to 
he  very  serviceable. 

The  Devonian  beds  show  very  little  dip  in  any  direction.  The 
inclination  corresponds  very  nearly  to  the  general  slope  of  the 
surface  toward  the  southwest.  Chester  is  fifty  feet  higher  .than 
Elma.  The  distance  between  the  two  ix>ints  is  about  sixteen 
miles.  The  same  beds  are  exposed  at  both  places.  The  dip  from 
one  point  to  the  other,  which  is  along  a  line  very  nearly  at  right 
angles  to  the  strike,  is  but  little  more  than  three  feet  to  the  mile. 
Cresco  is  118  feet  higher  than  Elma.     The  inclination  of  the 
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t^urface  between  the  two  i)oints— aboot  Beven  feet  ^  the  mile-- 
is  greater  than  the  dip  of  the  strata^  and  hence  it  is  that  the 
Elma  horizon  is  lower  than  the  horisson  of  the  qnarry  stone  at 
Cresco. '  The  limestones  at  Cresco  are  the  highest,  stratigraphi- 
cally,  occurring  in  the  county. 

The  general  section  of  the  Howard  county  "Devonian  may  be 
arranged  in  the  following  divisions: 


5.  The  quarry  beds  at  Cresco,  Vernon  Springs,  the 
Jones  quarry  in  section  24,  Chester  township,  and 
the  quarry  on  high  ground  in  the  southeast  i  of 
section  14,  Forest  City  township SO 

4.     Non-dolomitic   beds  at  the  base  of  the  Salisbury 
^  quarry  and  exposed  at  a  few  other  points,  as  in 

section  18,  Forest  City  township,  carrying  Orthis, 
Gypidula  and  Atrypa  like  forms  found  in  the 
quarries  at  Independence 8 

3.  Beds  varying  in  character,  some  of  the  layers  white, 
fine-grained,  lithographic,  in  some  places  rich  in 
stromatoporoid  corals 15 

2,'  Coarse-grained,  dolomitic  beds  in  the  northeastern 
part  of  the  county,  less  dolomitic  at  Elma  and 
southwest,  the  horizon  of  Pavosites,  Acervularia 
and  Pentamerella,  the  quarry  beds  at  Elma  and 
the  country  southwest 15 

1.  Productella  beds,  soft,  buff  colored,  vesicular  dolo- 
mite, with  casts  of  fossils,  quarried  in  massive 
blocks  at  Poreston,  the  real  equivalent  of  the 
quarry  stone  beds  at  Independence • 40 

Pleistocene  System. 

KANSAN  STAGE. 

Kansan  Till. ^The  oldest  drift  sheet  positively  recognized  to 
Howard  county  is  ihe  Kansan.  In  boriiig  deep  farm  wells  on  the 
prairies,  partially  decayed  logs  and  other  remnants  of  buried 
forests  are  found  at  various  depths  ranging  to  250  feel;  hut 
the  evidence  of  a  definite  forest,  peat  or  sodl  horizon  between  two 
distinct  bodies  of  glacial  detritus,  is  not  clear.  There  is  s&  7^^ 
no  certainty  that  the  sub-Aftonian  or  pre-Kansan  till  is  present 
in  the  area  we  are  considering,  although  it  is  very  probable  that 
it  eorists  in  the  parts  of  the  county  covered  with  deep  drift,  ir 


^^^^:'      """""^■iiP! 


^ 


^  0  «r5^'*-^rr- 


KANSAN   8TAOE.  68 

Oak  Dale^  Jamestown,  Afton  and  Howard  townships,  and  in  the 
southern  parts  ofl  Paris  and  New  Ot^gon.  The  Kaiisan  till,  over- 
lain by  a  thin  deposit  of  lowan  loess,  is  the  surficial  drift  in  a 
comparatively  small  area  in  the  northeastern  comer  of  the  county, 
and  over  the  larger  area  southwest  of  the  loess  margin,  it  is 
present  beneath  the  much  later  drift  sheet,  the  lowan.  The  phy- 
sical characteristics  of  the  two  areas  and  the  position  of  the 
boundary  line  between  them*  have  been  previously  discussed 
under  the  Jiead  of  Topography.  In  the  Loess^Kansan  area  the 
weathered  ferruginous  ferretto  zone  of  the  Kansan  is  seen  along 
roadsides  and  in  many  other  places,  wherever  rainwash  has  cut 
through  the  overlying  loess.  At  the  brick  yard  in  Cresco  the 
yellow  lowan,  free  from  limestone  pebbles,  is  Tised  in  brick 
making,  but  some  of  the  excavations  have  gone  down  to  the 
nnweathered  blue  clay  of  the  Kansan.  A  deep  railway  cut  one 
and  a  half  miles  south  of  Elma  reveals  the  Kansan  drift  in  its 
unweathered  phase.  A  few  rods  north  of  a  wagon  bridge  whidi 
here  spans  the  cut,  the  section  shows: 


3.     Yellow,  unweathered  lowan  till 6 

2.     Old  peaty  soil  developed  in  the  intervals  between  the 

Kansan  and  the  lowan  stages  oC  glaciation . . , 2 

1.     Blue  unweathered  Kansan  to  bottom  of  the  cut 15 

There  is  here  no  ferretto  zone  at  the  surface  of  the  Kansan; 
the  organic  material  of  the  peaty  soil  bed  was  capable  of  more 
than  counterbalancing  any  effects  of  oxidation  which  might  have 
taken  place  before  the  Kansan  surface  was  covered  and  protected 
from  further  change  by  the  deposition  of  the  lowan  drift  One- 
foorth  of  a  mile  south  of  the  bridge  there  are  a  number  of  lenses 
of  gray  sand  included  in  the  blue  Kansan  clay ,  some  of  which  are 
three  feet  in  thicknete  and  fifty  feet  in  length.  Though  the  hill 
in  which  the  cut  is  made  is  one  of  the  highest  of  the  r^on,  it 
shows  none  of  the  characteristics  of  a  paha,  that  utnique  and  inter- 
^ting  type  of  land  forms  so  common  at  corresponding  distances 
from  the  lowan  margin  in  Delaware,  Jones,  Linn  and  Cedar 
counties.  When  first  seen  from  a  distance  it  was  confidently 
believed  that  it  would  prove  to  be  a  loess-covered  pahoid  ridge^ 
but  in  the  place  of  loess  it  is  coveted  with  a  thin  sheet  of  lowan 
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till  and  its  surface  is  liberally  sprinkled  with  large  lowan 
bowldersw  The  fresh  Kansan  till  is  here,  as  everywhere  dse  in 
Iowa,  a  blue  clay  Gix>wded  with  small  pebbles,  many  of  which  are 
limestone.  Greenstones  are  also  oonmion*  Granites  are  rela- 
tively scarce,  and  none  are  as  large  as  the  third  and  fourth  rate 
granites  of  the  lowan,  even  when  first  class  bowlders  are  made 
tq  include  everything  above  twelve  feet  in  diaii^ter.  The  earth 
taken  out  is  piled  on  the  west  side  of  the  Ehna  cut  and  covers 
an  area  of  considerable  width.  In  the  few  years  of  its  exposure 
to  the  air,  rains  have  concentrated  the  pebbles  in  a  sheet  over  the 
surface,  by  washing  away  the  fine  clay  in  which  the  i)ebbles 
were  imbedded.  The  dump,  therefore,  now  oorrespcmds  in  a 
small  way  to  the  initial  stages  of  the  condition  which  existed  over 
hundreds  of  square  miles  in  soathwesteru  low.i,  before  the  loess 
was  laid  down.  A  sheet  of  residual  gravel,  sometimes  fully  six 
inches  in  thickness,  conforming  to  the  surface  of  the  erosional 
hills  and  valleys,  is  widely  distributed  on  weathered  E^ansan 
underneath  the  loess,  in  all  the  southwestern  counties  of  the 
state.  The  fact  is  discussed  and  illustrated  in  tLe  report  on  Page 
county.  The  dump  near  Elma  affords  an  interesting  and  con- 
crete illustration  of  the  manner  in  which  these  residual  gravels 
were  developed. 

Wherever  there  are  exposures  of  the  pre-Iowan  surface  of  the 
Kansan  drift,  undisturbed  by  the  later  glaciation,  the  materials 
are  found  to  be  very  much  altered  by  weathering.  The  iron 
bearing  constituents  of  all  fine  flour  and  other  minute  particles 
derived  from  wear  of  crystalline  rocks,  are  completely  oxidized, 
and  as  a  result  the  normal  blue  of  the  unaltered  clay  is  changed 
to  deep  reds  and  browns.  The  fresh  Kansan  is  always  rich  in 
limestone  flour  and  small  limestone  pebbles.  In  the  weathered 
zone  all  the  calcareous  material,  except  the  larger  pieces  of  lime- 
stone, have  been  dissolved  and  leached  out  by  descending  ground 
waters.  Many  of  the  small  granite  bowlders  have  crumbled  into 
minute  fragments  which  are  distributed  among  the  other  loose 
materials  near  the  surface,  others  are  ready  to  fall  to  pieces 
under  the  application  of  the  slightest  force. 

Buchanan  Gravels.—Beds  of  old  weather  stained  gravels  rest- 
ing on  Kansan,  and  overlain  by  lowan  drift,  were  first  recognized 
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as  a  distinct  Pleistocene  deposit  in  Buchanan  county,  Iowa.  Later 
investigations  show  these  gravels  to  be  extensively  developed  all 
over  the  northeastern  part  of  the  state.  Howard  county  has  itb 
share,  and  they  are  known  to  be  present  in  the  adjacent  parts 
of  Minnesota.  On  one  side  of  the  Loess-Kansan  border  they  are 
generally  covered  with  lowan  drift,  on  the  other  side,  as  is  strik- 
ingly illustrated  around  Colesburg  in  Delaware  county,  they  are 
overlain  by  loess.  The  gravels  oocut  principally  in  two  situations. 
They  are  either  on  the  high  plateaus  and  ridges,  or  they  are  in 
the  river  valleys;  and  there  are  very  marked  differences  between 
the  upland  and  the  valley  deposits.  The  upland  gravels  are  dii?- 
tinguished  by  the  presence  of  coarser  and  less  perfectly  assorted 
materials.  Cobbles  and  bowlders  of  all  sizes  up  to  ten  or  twelve 
inches  in  diameter,  are  found  indifferently  mixed  with  pebbles 
and  fine  sand,  and  many  of  the  larger  erratics  show  glacial  plan- 
ing and  striation  on  one  or  more  sides.  While  the  gravels  have 
all  the  characteristics  of  deposits  made  in  flowing  water,  it  is  cer- 
tain that  the  planed  and  striated  cobbles  have  not  been  rolled  or 
transported  very  far.  The  valley  gravels,  on  the  other  hand,-. 
are  quite  uniform  as  to  the  size  of  the  pebbles.  It  is  seldom  that' 
any  of  the  material  exceeds  three-fourths  of  an  inch  in  diameter.. 
The  usual  size  is  about  half  an  inch,  and  the  great  body  of  the? 
valley  phase  is  composed  of  well  rounded,  polished,  silicious  peb- 
bles. Cross  bedding  is  more  common  in  the  upland,  than  in  the- 
valley  gravels. 

A  very  typical  example  of  the  rtipland  phase  of  the  Buchanan 
gravels  occurs  in  the  large  gravel  pit  in  the  southwest  l^  of  sec- 
tion 27,  Vernon  Springs  township,  about  midway  between  Cresoo 
and  Vernon  Springs.  The  material  is  very  rusty  from  the  com- 
plete alteration  and  oxidation  of  the  iron  bearing  constituents  of 
a  large  proportion  of  the  crystalline  pebbles.  In  places  the 
amount  of  iron  present  is  suflBcient  to  cement  the  gravel  into  a  firm 
conglomerate.  The  granites,  embracing  small  bowlders  up  to 
eight  or  ten  inches  in  diameter,  are  decayed  and  fall  to  pieces 
when  taken  from  their  surroundings.  Every  feature  of  the  deposit 
indicates  age.  The  gravel  at  this  point  has  been  used  extensively 
for  road  material.  The  pit  is  fully  fifteen  feet  in  depth,  but  it 
does  not  show  the  whole  thickness  of  the  deposit.    The  location 
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than  those  developed  on  the  loess.    The  loess  is  a  fine,  porous, 
calcareous  clay,  free  from  sand  on  the  one  hand  and  bowlders  on 
the  other.    In  many  respects  it  makes  an  ideal  soil.    It  abBorbs 
and  retains  moisture  well.    The  roots  of  plants  easily  penetrate 
it  to  great  depths.    Where  the  surface  is  relatively  level,  a  very 
fine,  fertile,  brownish,  easily  tilled  loam  develops  on  its  surface. 
On  the  steeper  slopes,  however,  the  loess  erodes  easily,  the  veg*- 
etable  loam  is  washed  away  as  fast  as  it  accumulates,  and  steep 
sided  gullies  are  cut  by  surface  drainaga    A  hard,  stiff,  intract- 
able soil  usually  results  from  the  fact  that  surface  erosion  con- 
tiiwiaJly  exposes  fresh  loess  which  has  not  been  modified  by  the 
growth  and  decay  of  plants,  by  burrowing  animals,  by  frosts  or 
other  mellowing  agencies.    Fortunately,  in  the  county,  the  area 
where  soils  of  the  quality  last  described  occur,  are  small.    The 
farms  of  the  Loess-Kansan  area  give  every  evidence  of  generous 
production.    The  porosity  and  depth  of  the  loess  render  it  capa- 
ble of  successful  cultivation  in  times  of  drought,  such  as  pre- 
vailed in  1901,  or  during  periods  of  excessive  rainfall  as  in  1902. 

(2)  There  are  some  small  areas  of  rich,  mellow,  alluvial  soil 
in  the  valley  of  the  Upper  Iowa  river,  between  Foreston  and  the 
eastern  border  of  the  county,  and  a  small  number  of  acres  of  the 
same  type  of  soil  occur  in  the  valley  of  the  Turkey,  east  of  Ver- 
non Springs.  Above  Chester  on  the  Upper  Iowa,  at  New  Oregon 
on  the  Turkey,  and  at  many  points  along  the  streams  draining 
the  southwestern  part  of  the  county,  the  Buchanan  gravels  come 
near  enough  to  the  surface  to  produce  (3)  a  gravelly  and  sandy 
soil.  Buchanan  gravels  play  an  important  part  as  subsoils  over 
extensive  areas  along  the  branches  of  the  Wapsipinicon  in  south- 
western Howard,  giving  perfect  underdrainage  to  the  surface 
loams.  The  typical  characteristics  of  these  areas  are  well  illus- 
trated in  the  level  plain  from  one  to  two  miles  west  of  Elma. 

(4)  By  far  the  most  important  of  the  soil  types  occurring  in 
Howard  county  is  that  which  is  developed  on  the  lowan  drift. 
The  area  in  which  this  type  is  found  is  many  times  larger  than 
that  of  any  other  type,  and  its  fertility,  ease  of  cultivation,  and 
lasting  qualities  set  it  far  above  any  other.  The  atmosphere,  the 
rains  and  frosts  of  the  changing  seasons,  the  growth  and  decay 
of  plants,  the  work  of  the  burrowing  gophers  and  ants  and  earth- 
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the  western  edge  of  section  7,  Vernon  Springs  township,  and 
those  in  sectionfii  31  and  32  of  Howard  Center  township. 

The  valley  phase  of  the  Biichanan  gravels  is  much  moore  exten- 
sively developed  than  the  upland  phase.  Every  stream  valley 
that  served  as  a  drainage  course  when  the  Kansan  ice  was  mielt- 
ingy  is  bordered  throughout  its  whole  length  with  trains  and  ter- 
races of  ferruginous  gravel  in  which  the  pebbles  are  compara- 
tively small  and  of  uniform  size.  The  terrace  on  the  south  side 
of  the  river  at  Morenceville  and  that  on  which  the  village  of  New 
Oregon  is  located  have  already  been  mentioned.  For  some  miles 
above  Chester  there  is  a  wide,  well  marked,  continuous  terrace 
occupying  an  area  of  several  hundred  acres.  The  great  beds  of 
valley  gravels  about  Le  Koy,  Minnesota,  which  the  Chicago,  Mil- 
waukee &  St  Paul  railway  has  used  so  extensively  for  ballast- 
ing its  line,  are  bhit  part  of  the  enormous  gravfel  trains  which 
floods  from  the  melting  Kansan  ice  strewed  continuously  along 
the  valley  of  the  Upper  Iowa.  The  same  valley  gravels  are  found 
the  whole  length  of  Crane  creek  and  along  tiie  branches  of  the 
Wapsipinioon,  in  the  southwestern  part  of  the  county.  In  the 
southeast  i/4  ^f  section  1,  northern  part  of  New  Oregon  township, 
there  is  a  terrace  of  the  valley  gravels,  some  parts  of  which  are 
cemented  into  a  firm  conglomerate.  Cementation  is  not  uncom- 
mon in  other  localities. 

Genesis  of  the  Gravels. — The  Kansan  ice  was  thick,  and  it 
melted  rapidly,  especially  when  the  shrinking  margin  was  grad- 
ually retreating  through  northern  Iowa.  Large  floods  of  water, 
capable  of  transporting  great  loads  of  material,  flowed  outward 
over  the  surface  which  had  but  a  short  time  previously  been  va- 
cated by  the  waning  ioa  Heavy  bodies  of  the  ice  must  have  lin- 
gered in  the  lowlands  and  valleys  long  after  the  hill  tops  were 
laid  bare,  and  the  re-entrant  sinuses  in  the  ice  margin,  corres- 
ponding in  position  to  the  higher  lands,  were  drainage  channels 
accommodating  torrential  streams  which  were  hemmed  in  by 
banks  of  ice.  These  streams  carried  material  of  all  grades  of 
flneness  up  to  cobbles  and  bowlders  several  inches  in  diameter. 
Some  of  the  larger  bowlders  found  in  the  deposits  may  have 
been  floated  by  detached  blocks  of  ice.  The  heavy  material  was 
not  carried  far,  however.    With  the  gladal  markings  uneffaced 
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in  some  cases,  it  was  dropped  on  the  accumulating  bars  of  sand- 
and  gravel  which  the  overloaded  streams  deposited  before  their 
exit  f rami  the  ice  canyons.  Such  imperfectly  assorted  accumu- 
lations>  now  found  on  the  higher  grounds,  constitute  the  upland 
phase  of  the  Buchanan  gravels. 

As  soon  as  the  upland  streams  emerged  from  their  ice  can- 
yons, the  waters  sought  the  lower  levels  and  gathered  in  the  un- 
obstructed valleys  beyond  the  ends  of  the  ice  lobes.  Before  they 
reached  the  valleys  the  heavier  material  had-  all  been  deposited ; 
only  the  smaller,  well  rounded  and  easily  transported  pebbles 
were  carried,  and  it  is  of  these  that  the  valley  phase  is  made  up. 
The  upland  gravels  were  laid  down  near  the  most  northerly 
points  of  the  ice  margin,  not  far  from  where  the  streams  orig- 
inated. The  valley  gravels  give  evidence  of  having  been  trans- 
ported farther,  and  they  may  have  been  deposited  at  distances 
of  several  miles  from  the  southern  extremeties  of  the  lobes  of 
ice  which  occupied  the  lower  grounds. 

lOWAN  STAGE. 

lowan  Till. — Fully  nineteen-twentieths  of  the  area  of  Howard 
county  is  covered  with  lowan  drift.  Where  this  drift  is  present 
in  sufficient  force  to  disguise  the  pre-Iowan  topography,  the  re- 
gion is  a  plain  inodified  by  only  slight  relief  (Fig.  5).  No  loess 
is  present,  but  large  granite  bowlders  (Fig.  15)  are  prominent 
features  of  the  landscape.  The  fresh  lowan  till  is  yellow  in 
color  and  carries  quite  a  large  amount  of  lime  carbonate  even  at 
the  surface.  Among  the  pebbles  limestones  and  greenstones  aro 
rare.  The  bowlders  are  coarse-grained  and  light  colored,  and  it 
is  a  surprising  fact  that  in  all  northeastern  Iowa  approximately 
three-fourths  of  the  entire  bulk  of  the  lowan  erratics  represent 
but  one  type  of  granite  which  might  all  have  come  from  a  singlo 
locality.  lowan  bowlders  are  large  and  numerous  as  compared 
with  bowlders  in  the  Kansan  drift,  but  the  variety  and  number 
of  rock  species  are  far  greater  in  tlie  Kansan  than  in  the  lowan. 

Over  parte  of  Howard  county  lying  southwest  of  the  Loess- 
Kansan  boundary,  the  lowan  drift  is  thin  or  even  absent  As- 
would  be  expected  the  thin  spots  are  near  the  margin  where  the- 
ice  became   attenuated  and    the  movement  appro5wimated  zero^ 
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FiQ.  15.     lowan  Iwwlder  in  the  southw^est  quarter  of  section  22,  Jamestown  township.     Dimen- 
8' one  above  ground  are  20x12x9  feet. 

The  load  of  glacial  detritus  carried  by  the  lowan  glaciers  seems 
to  have  been  very  unequally  distributed,  and  there  must  have 
been  places  where  it  was  altogether  wanting.  Quite  a  large  area 
of  thin  lowan,  or  no  lowan,  occurs  along  the  Turkey  river  from 
section  31,  Vernon  Springs  township,  to  section  1  of  New  Oregon. 
The  original  topography  developed  in  the  old  rock  surface  by 
preglacial  erosion,  is  but  imperfectly  masked  by  all  the  Pleisto- 
cene deposits.  The  tops  and  slopes  of  the  hills  are  covered  with 
loose  fragments  of  the  magnesian  Devonian  limestone  (Fig.  6). 
The  small  amount  of  drift  present  is  of  the  weathered;  Kansan 
type,  and  yet  the  surface  is  strewn  with  lowan  bowlders.  A  typi- 
cal area  of  thin  lowan,  where  knobs  and  tors  of  Devonian  lime- 
stone project  through  the  drift,  is  foamd  in  section  14,  Forest 
City  township.  Bowlders  seem  to  be  the  only  element  of  the 
lowan  drift  ever  deposited  in  the  locality.  Along  Crane  creek 
and  the  branches  of  the  Wapsipinicon  the  later  drift  is  so  thin 
that  the  Buchanan  gravels  come  practically  to  the  surface  in 
many  places,  and  the  same  thing  is  true  of  the  valley  of  the  Upper 
Iowa  above  Chester.    Taking  the  lowan  area  as  a  whole,  the  dis- 
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tribution  of  the  bowlders  seemB  unaccouiitably  irregular.  There 
are  some  belts  and  patches, — as  near  the  center  of  Jamestown 
township  and  in  the  southern  sections  of  Howard  Center,— where 
the  rounded  blocks  of  northern  granite  are  liberally  sprinkled 
over  the  surface,  and  again  there  are  areas  of  miles  in  extent  in 
which  scarcely  a  trace  of  a  bowlder  can  be  discovered. 

lowan  Loess. — The  fine,  yellow,  pebbleless  clay  called  loess 
forms  a  mantle  of  approximately  uniform  thickness  over  that 
portion  of  the  surface  of  the  old  eroded  Kansan  drift  which  lies 
outside  of  the  lowan  margin.  All  that  part  of  the  county  upon 
which  the  lowan  ice  advanced,  up  to  the  edge  and  terminus  of 
the  glaciers,  is  free  from  loess.  The  loess  is  fresh  and  young  as 
compared  with  the  weathered,  leached  and  otherwise  altered  drift 
upon  which  it  rests.  In  this  part  of  the  state,  it  seems  very  clear, 
the  loess  is  of  the  same  age  as  the  lowan  till,  and  was  derived 
from  it  by  some  process  of  transportation  outward  from  the  ter- 
minal border  of  the  lowan  glaciers.  In  Mitchell  county,  as  well 
as  in  many  other  counties  in  Iowa,  there  are  thin  deposits  of  a 
loess  that  is  younger  than  the  lowan,  probably  of  the  age  of  the 
Wisconsin  drift.  Near  Peoria,  Illinois,  Wisconsin  loess  is  as 
strongly  developed  as  is  the  lowan  in  Howard  county.  Loess 
may  indeed,  have  been  formed  diuring  any  age  of  the  Pleistocene. 
Along  the  Missouri  river  the  process  of  loess, deposition  seems  to 
be  still  active.  Wherever  found,  and  to  whatever  age  it  may  be- 
long, it  is  wholly  unlike  drift  or  alluvium, — unlike  any  glacial, 
aqueo-glacial,  or  aqueous  deposit  known.  The  origin  of  the  loess 
of  the  Mississippi  and  Missouri  valleys  has  long  remained  a  puzzle 
to  careful  and  thoughtful  geologists.  On  account  of  its  unique 
structure,  peculiar  distribution  and  fossil  contents,  the  trend  of 
opinion  among  the  best  informed  students  of  loess  problems  is,  to^ 
day,  toward  the  view  that  it  is  an  aeolian  deposit,  that  winds  have 
been  the  active  agents  in  its  transportation  and  deposition. 

ALLUVIUM. 

In  Howard  county  alluvial  deposits  are  very  meager.  If  the 
Turkey  river  between  Vernon  Springs  and  the  east  line  of  the 
coomty  be  left  out  of  consideration,  it  may  be  said  that  through- 
out the  lowan  area  the  stream  valleys  in  their  present  aspects 
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and  relations  are  young.  There  are  here  no  true  valleys  of  ero^ 
sion,  no  flood  plains,  no  notable  deposits  of  river  silt  Along  the 
Upper  Iowa,  or  On^ta  river,  east  of  Foreston,  the  valley  is  old, 
it  is  well  widened  out  in  placfes,  and  there  are  occasional  narrow 
fringes  of  alluvial  plains  between  the  stream  and  the  bluffs.  The 
same  is  true,  but  to  a  more  limited  extent,  of  the  old  part  of  the 
Turkey  river  valley  east  of  Vernon  Springs. 

THICKNESS  OP  THE  PLEISTOCENE  DEPOSITS. 

The  sheets  of  drift  and  other  Pleistocene  deposits  vary  greatly 
as  to  thickness.  There  are  two  areas  where  the  indurated  rocks 
come  near  to  the  surface.  One  is  northeast  of  a  line  drawn  from 
Chester  to  the  middle  of  the  eastern  boundary  of  New  Oregon 
township;  the  other  is  at  Elma  and  in  the  country  south  and  west 
of  that  locality.  All  the  quarries  and  rock  exposures  are  in  these 
two  areas.  At  all  the  quarries  the  stripping  consists  largely  of 
disintegrated'  limestone.  Not  infrequently  the  overlying  soil, 
as  shown  in  figure  13,  fails  to  attain  the  dimensions  of  a  distinct 
layer.  So  far  as  data  could  be  collected,  the  PleistooQne  reaehes 
its  greatest  thickness  in  Jamestown  township  and  in  the  territory 
immediately  surrounding  it.  Well  drillers  report  that  limestone 
lias  been  struck  at  200  feet  in  the  southern  part  of  Oak  Dale 
township,  but  some  wells  end  in  drift  at  a  depth  of  300  feet.  The 
well  of  John  P.  Thelen  in  Jamestown  township  found  water 
in  gravel  at  252  feet  from  the  surface.  Near  the  center  of  sec- 
tion 30,  Jamestown  township,  a  well  in  process  of  boring  was 
down  130  feet  and  still  in  blue  clay.  ^^  Chips  of  an  old  rotten 
]og''  were  reported  from  a  well  in  the  northern  part  of  James- 
town, at  a  depth  of  250  feet.  The  Pleistocene  clays  are  therefore 
known  to  range  in  thickness  from  practically  zero  in  the  north- 
eastern part  of  the  county,  to  more  than  300  feet  in  Jamestown 
and  contiguous  parts  of  adjacent  townships. 

Soils. 

The  soils  of  Howard  county  rank  with  the  best  to  be  found  in 
Iowa.  There  are  (1)  loess  soils  which  are  limited  to  the  small 
Kansan  area:  in  the  northeast  corner  of  the  county.  Where  the 
surface  slopes  are  comparatively  gentle,  there  are  no  better  soils 
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than  those  developed  on  the  loess.  The  loess  is  a  fine,  poroua, 
calcareous  clay,  free  from  sand  on  the  one  hand  and  bowlders  on 
the  other.  In  many  respects  it  makes  an  ideal  soil.  It  absorbs 
and  retains  moisture  well.  The  roots  of  plants  easily  penetrate 
it  to  great  depths.  Where  the  surface  is  relatively  level,  a  very 
fine,  fertile,  brownish,  easily  tilled  loam  develops  on  its  surface. 
On  the  steeper  slopes,  however,  the  loess  erodes  easily,  the  v^- 
etable  loam  is  washed  away  as  fast  as  it  accumulates,  and  steep 
sided  gullies  are  cut  by  surface  drainaga  A  hard,  stiff,  intract- 
able soil  usually  results  from  the  fact  that  surface  erosion  con- 
timaaJly  exposes  fresh  loess  which  has  not  been  modified'  by  the 
growth  and  decay  of  plants,  by  burrowing  animals,  by  frosts  or 
other  mellowing  agencies.  Fortunately,  in  the  county,  the  area 
where  soils  of  the  quality  last  described  occur,  are  small.  The 
farms  of  the  Loess-Kansan  area  give  every  evidence  of  generous 
production.  The  porosity  and  depth  of  the  loess  render  it  capa- 
ble of  successful  cultivation  in  times  of  droughty  such  as  pre- 
vailed in  1901,  or  during  periods  of  excessive  rainfall  as  in  1902. 

(2)  There  are  some  small  areas  of  rich,  mellow,  alluvial  soil 
in  the  valley  of  the  Upper  Iowa  river,  between  Foreston  and  the 
eastern  border  of  the  county,  and  a  small  number  of  acres  of  the 
same  type  of  soil  occur  in  the  valley  of  the  Turkey,  east  of  Ver- 
non Springs.  Above  Chester  on  the  Upper  Iowa,  at  New  Oregon 
on  the  Turkey,  and  at  many  points  along  the  streams  draining 
the  southwestern  part  of  the  county,  the  Buchanan  gravels  come 
near  enough  to  the  surface  to  produce  (3)  a  gravelly  and  sandy 
soil.  Buchanan  gravels  play  an  important  part  as  subsoils  over 
extensive  areas  along  the  branches  of  the  Wapsipinicon  in  south- 
western Howard,  giving  perfect  underdrainage  to  the  surface 
loams.  The  typical  characteristics  of  these  areas  are  well  illus- 
trated in  the  level  plain  from  one  to  two  miles  west  of  Elma. 

(4)  By  far  the  most  important  of  the  soil  types  occurring  in 
Howard  county  is  that  which  is  developed  on  the  lowan  drift 
The  area  in  which  this  type  is  found  is  many  times  larger  than 
that  of  any  other  type,  and  its  fertility,  ease  of  cultivation,  and 
lasting  qualities  set  it  far  above  any  other.  The  atmosphere,  the 
rains  and  frosts  of  the  changing  seasons,  the  growth  and  decay 
of  plants,  the  work  of  the  burrowing  gophers  and  ants  and  earth- 
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worms,  have  all  oomibined  to  produce  a  deep,  rich,  black,  warm 
soil  of  ideal  quality;  and  this  soil  is  spread  over  a  surface  so 
level  and  unbroken  that  farm  machinery  of  every  kind  can  be 
operated  on  its  to  the  very  highest  advantage. 

Unconformities. 

Some  interesting  examples  of  unconformities  are  furnished  by 
the  geological  formations  of  this  part  of  Iowa.  The  first  and 
most  important  is  that  between  the  Devonian  and  the  Maquoketa 
shales.  The  overlap  of  the  Devonian  referred  to  at  the  begin- 
ning of  this  report,  was  a  true  transgression  of  the  sea  upon  an 
eroded  surface.  The  contact  of  the  Devonian  with  the  Ordovi- 
cian  is  seen  in  only  a  few  sections,  and  these  are  of  limited  ex- 
tent; but  the  relative  altitudes  of  the  two  formations  at  a  num- 
ber of  points  indicate  that  the  Devonian  was  deposited  on  an 
uneven  floor.  One  or  two  concrete  illustrations  will  show  the 
nature  of  the  evidence  on  which  conclusions  are  based.  One- 
fourth  of  a  mile  south  of  the  center  of  section  8.  Albion  town- 
ship, magnesian  limestone  containing  remains  of  fishes  and  De- 
vonian brachiopods,  occurs  at  a  much  lower  level  than  that  at 
which  undoubted  Maquoketa  is  found  along  the  north  line  of  the 
same  section.  At  the  bridge  over  the  Turkey  river  near  the  north- 
east comer  of  section  12,  New  Oregon  township,,  the  Devonian 
beds  are  continued  down  to  the  level  of  the  water  in  the  stream, 
while  less  than  half  a  mile  east  of  the  county  line  Maquoketa 
shales  rise  fully  twenty  feet  above  the  water.  Furthermore  the 
phase  of  the  Maquoketa  seen  in  the  outcrop  referred  to  is 
not  that  which  belongs  at  the  top  of  the  formation.  The  differ- 
ence in  the  relative  altitudes  of  the  river  and  the  Ordovician 
strata  at  the  bridge  and  at  the  springs  a  short  distance  below,  can- 
not be  accounted  for  by  either  the  fall  of  the  stream  or  the  dip  of 
the  shales,  but  by  irregularities  in  the  surface  on  which  the  De- 
vonian was  laid  down.  Along  the  east  line  of  section  13,  Vernon 
Springs  township,  on  the  hill  slope  forming  the  south  side  of  the 
valley  of  Silver  creek,  the  Devonian  occurs  well  up  toward  the  top 
of  the  slope,  and  gives  place  to  buff  or  ash  colored  Maquoketa 
about  twenty-five  feet  above  the  bottom  of  the  valley.  On  the  north 
side  of  the  valley  Devonian  rocks  in  place  are  exposed  less  than 
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ten  feet  above  the  small  flood  plain.  How  much  lower  the  De- 
vonian may  go  is  not  known,  for  at  this  point  there  is  no  Ma- 
quoketa  in  sight.  The  other  unconformities  need  only  be  men- 
tioned without  giving  specific  illustrations.  The  Kansan  drift 
is  unconformable  on  the  rook  surface  upon  which  it  rests;  and 
the  loess  and  lowan  drift  are  spread  unconformably  upon  the 
old  eroded  surface  of  the  Kansan. 

ECONOMIC  PRODUCTS. 

Quarry  Stone. 

The  northeastern  part  of  Howard  county  is  fairly  well  sup- 
plied with  building  -stone.  The  Trenton  limestone  and  the  shaly 
limestone  of  the  Maquoketa  are  both  utilized  in  the  vicinity  of 
Florenceville.  Figures  7,  8  and  9  illustrate  the  possibilities  of 
the  Trenton  as  a  source  of  building  material.  At  present  the  re- 
sources of  this  formation  are  undeveloped.  The  only  place  in 
the  county  where  it  has  been  quarried  to  any  considerable  extent, 
is  at  the  Florenceville  mill;  but  the  Trenton  can  furnish  inex- 
haustible supplies  of  a  good  grade  of  stone  for  rough  masonry 
whenever  the  demand  justifies  the  operation  of  quarries  in  this 
formation.  The  availability  of  the  calcareous  shales  of  the  Ma- 
quoketa stage  is  illustrated  at  the  quarry  located  one-fourth  of  a 
mile  northeast  of  the  center  of  section  8,  Albion  township  (Fig. 
10). 

By  far  the  greater  part  of  t^e  quarry  stone  produced  in  the 
county  is  obtained  from  strata,  of  Devonian  age ;  and  practically 
all  the  quarries  belonging  to  this  age  have  been  previously  noted 
in  the  general  discussion  of  the  stratigraphy.  Owing  to  the  al- 
most universal  dolomitization  of  the  local  Devonian,  the  building 
stone  from  this  formation  in  Howard  county  is  greatly  superior 
to  that  furnished  by  beds  of  corresponding  age  in  the  southern 
part  of  the  Devonian  area  in  Iowa.  The  beds  are  here  thicker, 
they  are  less  frequently  broken  by  joints,  and  they  yield  less 
readily  to  the  disintegrating  effects  of  frosts  and  general  weather- 
ing. The  most  important  quarry  in  the  count\^  is  that  operated 
by  Mr.  John  Hallman  in  the  western  part  of  the  city  of  Cresco. 
The  beds  in  this  quarry  are  irregularly  jointed  in  places,  and  the 
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slickensided  joint  faces  show  the  effects  of  crushing.  In  other 
parts  of  the  qnany  the  crushing  has  been  loss  energetic  and 
destnjctive,  and  stones  of  fairly  good  dimensions  may  be  taken 
out.  The  best  layers  are  soft  and  easily  cut.  The  product  of 
the  quarry  includ'es  rubble,  range  stone  and  a  small  amount  of 
cut  dimension  stone.  All  the  stone  produced  in  the  county  i& 
used  in  simply  supplying  the  local  demand,  and  the  Hallman 
quarry  has  the  preeminent  advantage  of  proximity  to  the  best 
local  market  The  Salisbury  quarry  (Fig.  13),  Patterson  quarry 
and  the  many  other  small  qiuarries  near  Vernon  Springs  have  not 
been  worked  to  any  noteworthy  extent  in  recent  years,  although 
they  are  capable  of  furnishing  a  large  amount  of  very  excellent 
stone.  There  are  at  present  no  shipping  facilities,  and  the 
local  demand  does  not  justify  continuous  operation. 

The  quarry  at  Foreston  (Fig.  11),  operated  in  the  massive 
beds  of  the  Productella  zone,  illustrates  the  differences  in  the 
thickness  of  beds  and  the  lasting  quality  of  the  stone  brought 
about  by  the  process  of  dolomitization.  Bedding  planes  are  oblit- 
erated so  that  what  would  otherwise  be  a  number  of  independent 
layers  is  blended  into  one  heavy  stratum.  The  quarry  repre- 
sented by  figure  1,  plate  XIV,  volume  VIII,  belongs  to  the  same 
geological  horizon  as  the  quarry  at  Foreston.  In  one  the  jointa 
and  bedding  planes  .divide  the  rock  into  numberless,  small,  shape- 
less pieces  which  are  easily  disintegrated ;  in  the  other  it  is  pos- 
sible to  get  massive  blocks  of  porous  but  indestructible  rock,, 
suitable  for  the  heaviest  bridge  piers  and  foundations. 

The  quarry  in  section  14,  Forest  City  township,  and  that  in 
section  24  of  Chester  are  worked  in  beds  corresponding  to  those 
in  the  upper  part  of  the  Salisbury  and  Patterson  quarries  at 
Vernon  Springs.  These  beds  are  equivalent  to  those  quarried 
at  Raymond  in  Black  Hawk  cowmty  and  on  the  bluff  northwest 
of  Littleton  in  Buchanan  county.  Other  places  where  stone  has 
been  quarried  in  Howard  county  are  section  33,  Saratoga  town- 
ship, and  the  region  about  Elma.  Of  these  various  openings,  the 
Croft  quarry  at  Elma  is  at  present  the  most  important.  All  of 
these  quarries  in  the  southwestern  part  of  Howard  illustrate 
varying  phases  of  the  coarse,  oalcite  bearing  beds  at  Salisbury's, 
mill  (Fig.  12). 
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Not  the  least  important  of  the  sources  of  building  stone  in  this 
part  of  the  state,  may  be  reckoned  the  numberless  granite  bowl- 
ders of  the  lowan  drift  (Fig.  15).  These  vary  in  size  up  to  great 
blocks  twenty  or  thirty  feet  in  diameter.  The  amount  of  inde- 
structible building  material  present  in  the  glacial  bowlders,  it 
would  be  difficult  to  estimate.  Furthermore  the  material  is 
ready  to  hand,  requiring  no  long  haulage,  on  practically  every 
farm  in  the  lowian  area. 

Clays. 

Howard  county  is  not  well  provided  with  raw  materials  suit- 
able for  the  manufacture  of  clay  products.  It  is  true  that  drift 
clays  are  widely  spread  and  attain  a  very  great  thickness,  but 
they  are  everywhere  filled  with  such  large  numbers  of  pebbles 
and  small  cobblestones  as  seriously  to  interfere  with  their  use 
as  a  basis  for  any  extensive,  manufacturing  enterprise.  With 
suitable  machinery  for  crushing  the  pebbles  it  is  possible  to  use 
the  yellow  clay  of  the  Towan  drift  in  making  a  good  grade  of 
structural  brick.  There  is  little  i>ossibility  of  using  the  blue 
Kansan  clay  on  account  of  the  fact  that  it  contains  many  peb- 
bles and  fragments  of  limestone.  The  loess  of  Howard  county 
is  too  rich  in  silica  to  be  used  with  much  success. 

The  most  successful  clay  working  plant  in  the  county  is  that 
of  the  Cresco  brick  and  tile  works,  cwned  by  Wheeler  and  Mar- 
shall. The  clay  used  is  lowan  drift  which  is  passed  between 
rollers  to  crush  the  pebbles.  The  plant  is  equipped  with  a  stiff 
mud,  end  cut  Brewer  machine  having  a  capacity  of  20,000  brick 
per  day.  A  part  of  the  product  is  passed  through  a  Raymond 
re-press  machine.  In  addition  to  brick  the  works  turn  out  drain 
tile  ranging  from  three  to  eight  inches  in  diameter.  The  raw 
product  is  dried  in  sheds  with  little  loss  from  checking.  The 
burning  is  done  in  two  round  down-draft  kilns.  The  plant  is 
operated  a  little  more  than  half  of  each  year  and  turns  out  an- 
nually a  very  resi)ectable  amount  of  mechantable  brick  and  tile. 

There  is  a  small  brick  yard  north  of  the  railroad  in  the  eastern 
edge  of  Lime  Springs.  The  location  w^as  rather  unfortunately 
chosen,  for  the  day  pit  shows  nothing  but  blue  Kansan  clay  over- 
lain by  from  fourteen  inches  to  two  feet  of  Buchanan  gravel. 
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The  clay  is  very  pebbly  and  the  pebbles  were  not  crushed.  As 
usual  in  the  Kansan,  some  limestone  fragments  are  present.  The 
effort  to  make  brick  out  of  such  materials  was  not  very  suoess- 
ful,  and  the  plant  was  shut  down  at  the- time  the  locality  Was 
visited.  If  there  are  to  be  future  attempts  at  brick  making  in  the 
neighborhood  of  Lime  Springs,  the  plant  should  be  located  at 
some  point  where  there  is  a  good  supply  of  the  yellow  lowan 
drift 

Lime. 

At  present  no  lime  is  made  in  the  county,  but  the  dolomitic 
Devonian  is  capable  of  furnishing  inexhaustiblo  supplies  of  ex- 
cellent material  for  lime  burning.  Some  years  a^o  lime  kilns 
were  operated  at  Vernon  Springs  and  near  Lime  Springs.  The 
lime  made  at  Vernon  Springs  was  reputed  good ;  that  made  near 
Lime  Springs  is  said  to  have  been  made  from  a  non-dolomitie 
rock,  which  may  explain  the  fact  that  it  was  not  esteemed  so 
highly.  Large  kilns  at  DubuqwDe  and  elsewhere,  operated  on  a 
commercial  scale,  have  driven  the  small  producers  out  of  the 
local  market. 

Road  Materials. 

The  Devonian  and  Ordovician  lim.estones  of  the  county  are  in- 
exhaustible resources  from  which  supplies  of  crushed  stone  for 
macadamizing  streets  and  roads  may  be  drawn.  Not  much  of  this- 
material  has  as  yet  been  used.  The  city  of  Cresco  has  availed  it- 
self of  the  opportunities  offered  by  readily  accessible  beds  of  lime- 
stone, and  on  a  small  plat  of  ground  at  the  east  end  of  the  Hallman 
quarry  it  owns  and  operates  a  stone  crusher  to  furnish  the  ma- 
cadam used  in  making  permanent  street  improvements.  More 
widely  distributed,  more  important  and  more  generally  useful 
than  accessible  ledges  of  limestone  for  purposes  of  road  making, 
are  the  Buchanan  gravels.  These  furnish  material  at  once  inex- 
pensive and  of  the  highest  utility  and  lasting  quality.  They 
are  everywhere,  ready  for  use  as  soon  as  taken  from  the  ground. 
Every  neighborhood  may  have  its  gravel  pit  within  easy  hauling 
distance  of  any  piece  of  road  needing  improvement. 
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Water  Supplies. 

Water  for  domestio  and  farmi  purpoeesi  is  obtained  from  the 
permanent  streams,  from,  springs,  from  wells  in  gravel  terraces, 
wells  in  the  drift  and  wells  bored  into  the  limestones  beneath  the 
drift.  Springs  are  most  numerous  along  the  valley  of  the  Upper 
low^  or  Oneota  river.  In  the  Buchanan  gravels  above  Chester 
water  in  unfailing  abundance  is  reached  at  depths  of  from  six- 
teen to  twenty  feet,— a  little  below  the  level  of  the  water  in  the 
adjacent  stream.  In  the  region  of  deep  drift  in  the  southern 
part  of  Oak  Dale,  and  the  northern  part  of  Jamestown  township, 
all  the  Wells,  so  far  as  could  be  ascertained,  end  in  drift  at  depths 
varying  from  forty  to  300  feet  In  the  southwej^t  Vd.  of  section 
10,  Jamestown  township,  water  was  found  in  a  layer  of  gravel 
beneath  blue  clay  at  a  depth  of  250  feet.  Bands  of  water  bear- 
ing sand  and  gravel,  lying  at  various  depths  betw^n  beds  of 
blue  clay,  are  very  commonly  reported  by  well  borers  and  seem 
to  be  quite  universally  distributed.  Some  of  the  more  extensive 
occurrences  of  these  deep  lying  sandsand  gravels  may  possibly 
be  of  Aftonian  age,  but  the  railway  cut  south  of  Elma,  described 
in  this  report^  and  numerous  other  drift  sections  throughout  the 
state,  show  that  it  is  no  unusual  thing  for  the  Kansan  till  to  in- 
clude great  lenses  of  stratified  materials  having  all  the  character- 
istics of  true  aqueous  deposits.  In  the  northeastern  comer  of 
the  county  the  mantle  of  loose  materials  is  thin,  the  limestone®  lie 
near  the  surface,  wells  are  bored!  into  the  rock,  and  water  is 
found  in  fissiures  at  varying  depths.  The  city  of  Cresoo  obtains 
supplies  of  water  from  twio  drilled  wells  which  do  not  exceed 
200  feet  in  depth,  the  water  coming  from  the  base  of  the  Ma- 
quoketa  or  the  upper  part  of  the  Galena-Trenton.  A  deeper  bor- 
ing at  Cresco  is  referred  to  by  Norton,  in  volume  VI  of  these  re^ 
ports,  page  201,  in  thesd  words:  *'The  well  at  this  place,  owned 
by  the  Chicago,.  Mai Waukee  &  St  Paul  Railroad  Co.,  is  1,158 
feet  deep.  It  was  drilled  about  the  year  1875,  and  has  not  been 
used  for  an  unknown  length  of  time.''  This  well  must  have  gone 
down  some  distance  into  the  Saint  Croix  sandstone.  Nothing 
was  ascertained  concerning  the  quality  of  the  water  which  it 
furnished. 
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Water  Powers. 

Water  power  has  been  developed  along  the  Upper  Iowa  or 
Oneota  river  at  a  number  of  points  in  Howard  county.  Thare  is 
a  well  built  and  excellently  equipped  mill  at  Florenceville;  and 
above  Florenceville  we  find  the  Foreston,  Lime  Springs,  Glen 
Roy  and  Chester  mills,  all  busy  in  supplying  the  needs  of  the 
local  or  more  distant  markets.  On  the  Turkey  river  there  are 
two  mills,  the  Sovereign  mill  about  a  mile  above  Vernon  Springs 
and  the  Salisbury  mill  at  the  village  named.  There  was  formerly 
a  mill  at  New  Oregon,  but  some  years  ago  the  property  was 
wrecked  by  high  water  and  no  effort  has  been  made  to  restore  it 

SUMMAST. 

Howard  will  always  rank  as  one  of  the  great  agriculture 
counties  of  the  state.  Apart  from  her  soils  her  chief  geological 
resources  are  found  in  inexhaustible  deposits  of  road  materials 
forming  widely  distributed  beds  of  sand  and  gravel,  in  excellent 
lime  burning  rooks  which  the  conditions  of  the  market  may  some 
time  make  it  possible  to  utilize,  and  in  an  inexhanistible  supply 
of  a  fair  quality  of  building  stone.  As  fuel  becomes  scarcer, 
and  cheaper  methods  of  generating  electrical  energy  are  devel- 
oped, the  water  powers  will  be  gratly  improved  and  their  energy 
utilized  in  a  variety  of  profitable  ways.  There  is  nothing  to 
indicate  the  possibility  of  successful  mining  of  any  kind.  It  is 
certain  that  there  are  no  wto-rkable  coal  beds  in  the  county,  and 
there  are  no  probabilities  of  finding  eitiier  gas  or  oil  no  matter 
how  far  borings  may  be  carried.  Various  lines  of  manufacturing 
may  possibly  be  established  with  success;  but  the  chief  resources 
of  the  counly  will  alwlays  lie  in  her  excellent  soils,  her  chief  in- 
dustry will  be  their  cultivation.  It  i&  to  the  development  of  the 
possible  productiveness  of  the  soil  that  the  attention  of  the  most 
earnest  and  most  thoroughly  trained  minds  should  be  directed. 
To  energy  expended  in  this  direction  it  is  possible  to  predict 
satisfactory  rewards. 
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INTRODUCTION. 

LOCATION. 

The  three  counties  of  Iowa  here  discussed,  Kossuth,  Hancock^ 
and  Winnebago,  constitute  together  an  almost  perfect  square 
lying  along  the  northern  boundary  of  the  State  almost  midway 
between  the  Mississippi  and  the  Sioux.  Kossuth  is  a  double 
county  in  area,  almost  the  largest  county  in  the  State.  By  our 
system  of  surveys  the  most  northern  townships  and  sections  in 
any  case  bear  the  brunt  of  any  definciency  in  land- division;  and 
so  it  happened  that  our  square  is  not  exactly  perfect  but  measures 
only  about  forty-one  miles  in  north  and  south  direction  as  against 
forty-eight  from  east  to  west. 

These  three  counties  are  prairie  counties,  remote  from  rivers 
or  mountains  or  any  great  terrestrial  features  popularly  believed 
to  determine  topography,  and  it  would  naturally  be  supposed 
that  all  three  are  just  alike,  just  like  fifty  other  3uch  political  divi- 
sions to  be  selected  anywhere  within  our  valley- prairies.  But 
such  is  by  no  means  the  case.  Greater  contrast*!'  are  not  to  be 
.found,  within  the  limits  of  a  region  not  mountainous,  than  are 
to  be  seen  within  the  square  before  us.  We  have  plains  wide 
extended,  so  level  that  for  the  passing  traveler  no  inequaility  can 
be  perceived;  towns  may  hail  towns  across  the  unbroken  fields 
and  houses  dot  the  distant  landscapes  like  blocks  upon  a  sheet  of 
cardboard.  We  have  precipitous  hills  rising  like  miniature 
mountains  directly  out  of  the  plain,  some  of  them  in  groups  two 
or  three  hundred  feet  high  enclosing  lakes,  like  mountain  lakes- 
far  above  the  general  level,  mantled  in  native  forest  and  looming 
blue  along  the  prairie  horizon  visible  for  miles  and  miles;  we 
have  townships  of  alternating  marshes  and  knobby  hills  without 
any  natural  drainage  whatever,  and  we  have  valleys  witli  gently 
flowing  streams  bordered  by  softly  rounded,  sloping  hillsides. 
I>erfectly  adapted  to  every  phase  of  agricultural  e/Ti'ort. 
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These  are  the  facts  of  the  problem,  facts  patent  to  every  comer. 
The  farmers  attempt  to  adapt  themselves  to  the  motley  situation. 
Lands  suitable  to  their  purposes  have  been  long  in  use,  while  only 
recently  the  ever  increasing  demand  for  farms  has  impelled  men 
to  attOTipt  the  tillage  of  the  less  tractable  hills  and  swamps.  Ex- 
planation of  the  situation  is  the  last  thing  thought  of.  Men  go  dog- 
gedly to  work  to  make  the  best  of  a  difficult  problem  finding  satis- 
faction in  a  practical  solution,  a  triumph  over  physical  hindrance, 
and  care  only  for  the  ultimate  return  in  wealth  or  comfort. 

Nevertheless  there  is  a  solution  for  our  problem,  an  explana- 
tion of  these  strange  conditions,— explanation  so  simple  that 
anyone  may  understand  it  and  may  safely  apply  its  terms  even 
to  the  last  square  yard  of  all  this  most  singular  and  anomalous 
topography. 

PREVIOUS  GEOLOGICAL  STUDY. 

It  will  not  be  supposed  that  such  solution  or  explanation  has 
always  been  at  hand  ready  for  each  locality  fitting  thus  to  such 
varied  local  conditions.  The  facts  which  lend  to  our  present  story 
credibility  have  been  coming  rather  rapidly  to  light  during  the 
last  five  and  twenty  years,  not  in  Iowa  only  but  in  all  parts  of  the 
northern  world.  The  classification  of  these  facts  as  set  forth  in 
these  volumes  is  even  more  recent  still. .  The  earlier  studies  of 
the  earth's  surface  were  concerned  in  classifying  the  indurated 
rocky  strata  and  discovering  the  history  of  organic  life  which 
these  so  clearly  disclose.  Inasmuch  as  our  present  field  shows 
nowhere  a  trace  of  stratified  rock  in  place  these  prairies  were  less 
attractive,  indeed  offered  nothing  to  the  elder  students  of  the 
natural  history  of  the  State.  David  Owen  about  the  middle  of  the 
last  century  was  at  work  in  this  pai-t  of  the  world.  He  followed 
the  Iowa  River  until  the  limestone  exposures  disappeared  along 
its  borders.  Fifteen  or  twenty  miles  further  on  he  encountered 
the  topography  known  since  his  writing  as  the  ^'knobby  drift."* 
Owen  was  thus  in  Franklin  county  and  within  a  few  miles  of  the 
territory  now  discussed.  Prof.  James  Hall,  who  came  next  in 
the  order  of  time,  does  not  mention  our  counties  even  by  name. 
They  did  not  fall  within  the  limited   scope  of  his  inquiry.    It 

•Report  of  the  Geological  Survey  of  Wisconsin,  Iowa,  and  Minnesota,  Dayid  Owen,  Phila. 
18K,  p.  104.  B  J  .         -,  V-, 
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remained  for  Dr.  Chas.  A.  White  to  introduce  our  territory  to  the 
world  as  he  does  in  the  second  volume  of  his  report.*  Dr.  White 
describes  in  some  detail  the  peculiar  topography  of  Kossuth  and 
Hanxjock  counties,  and  makes  repeated  reference  to  the  oft-recur- 
ring beds  of  peat  in  slough  and  marsh.  It  was  at  that  time  the 
opinion  of  Dr.  White  and  others  that  peat  in  the  prairie 
counties  .w^uld  form  a  very  important  source  of  fuel  supply.  The 
surface  deposits  in  White's  report  are  simply  referred  to  as  drift 
and  no  attempt  whatever  is  made  to  explain  either  their  presence 
or  configuration. 

In  1881  the  present  phase  of  the  geological  study  of  this  part 
of  Iowa  may  be  said  to  take  origin  in  Upham's  dii^ussion  of  the 
series  of  morainic  hills  which  all  along  our  northern  bi>rder  extend 
from  Minnesota  into  Iowa  at  greater  or  less  length. f  Mr.  Upham's 
descriptions  are  generally  accurate  and  his  map  as  much  so  as 
may  be  expected  on  the  scale  to  which  it  is  drawn.  The  morainic 
field  in  our  particular  locality  is  really  much  wider  than  Mr. 
Upham's  map  indicates,  as  will  be  pointed  out  in  the  description* 
here  following.  In  connection  with  our  present  study  the  reader 
should  also  consult  Professor  Calvin's  report  on  Cerro  Gorde 
county,  t 
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The  topography  of  the  area  before  us  is,  as  already  intimated 
extremely  varied ;  nevertheless,  it  is  not  confused.  To  the  careful 
observer  it  will  appear  that  all  the  at  first  apparently  endless 
variety  is  reducible  to  no  more  than  three  distinct  types  and  these 
are  after  all  quite  definitely  limited ;  with  resi)eet  each  to  the  other 
mutually  exclusive  in  a  remarkable  degree.  These  three  topo- 
graphic types  are,  first,  the  type  of  the  level  plain,  second,  that 
of  the  knobby  drift,  the  uneroded  hills  and  swami)s,  and  third 
the  type  of  erosional  flood  plains  and  valleys. 

The  plain  is  that  now  familiar  in  all  recent  geological  literature^ 
the  plain  of  the  Wisconsin  drift.    It  marks  the  bed  or  path  of  an 

*Report  of  a«H)iogical  Survey  of  tho  State  of  Iowa,  Charles  A.  White,  M.  D. ,  Des  Mdnee, 
187a  Vol.  IT,  pp.  246-9 

+See  Ninth  Annual  Report  of  tho  Geographical  and  Nattiral  History  Survey  of  Minneeota,  pp. 
238-814.  Minneapolis,  1881,  and  Pkite  VI 

t Volume  Vn  of  the  present  series,  pp.  119-198. 
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ancient  extension  of  arctio  ice  and  snow  which  at  one  time 
descended  to  our  latitude  and  covered  to  large  extent  all  the 
states  of  Wisconsin,  Minnesota,  Iowa  and  the  Dakotas.  The  plain 
area  in  the  three  counties  we  describe  is  comparatively  limited 
but  its  characteristics  are  as  unmistakable  as  in  that  region  where 
first  this  remarkable  deposit  found  distinct  recognition  and  a 
name.  In  the  first  place  it  is  generally  almost  le\'eL  Certainly 
no  one  can  traverse  the  southern  half  of  Kossuth  or  Hancock 
county  without  being  impressed  with  this  topographic  charac- 
teristic. Nearly  all  the  western  part  of  Hancock  county  also  is  a 
plain  so  flat  that  it  seems  to  show!  no  variation  in  level  whatever. 
This  is  particularly  the  case  about  Hutchins,  Kanawha,  Corwitli 
and  Luveme.  Algona,  Wesley,  Woden,  are  on  a  similar  plain 
but  on  a  different  level.  As  the  traveler  approaches  Woden  from 
the  south  the  village  is  visible  for  miles  across  an  unbroken 
plateau.  The  valley  of  Prairie  creek,  say  in  Luveme  township, 
is  no  valley  to  ordinary  vision  but  an  absolute  plain  stretching  to 
the  horizon's  rim.  These  are  typical  illustrations.  Sometimes  the 
plain  is  marked  by  here  and  there  a  ridge  or  hill,  merely  a  low 
swell  in  the  landscape,  sometimes  a  succession  of  low  inequali- 
ties may  be  encountered ;  but  these  are  recognizable  only  as  one 
carefully  traverses  the  oo«antry  roads.  Sometimes/  as  just  inti:< 
mated,  the  plain  breaks  from'  one  level  to  another.  This  is  well 
shown  along  a  line  from  Irwington  to  St.  Benedict.  In  the  second 
place,  consequent  upon  the  first  characteristic,  we  have  in  the 
plain  topography  a  country  without  efficient  drainage.  There  has 
been  in  many  places  almost  no  erosion  whatever.  The  water 
streams  along  in  sluggish  current  in  some  winding  depression, 
sometimes  as  in  case  of  Prairie  Ci'eek  south  of  St.  Benedict  for 
considerable  distance  without  any  chajinel  at  all ;  sometimes  we 
find  a  channel  which  is  a  mere  ditch,  tortuous,  but  only  slightly 
eroded,  as  in  the  case  of  the  tributaries  of  the  Boone;  sometimes 
the  channel  is  deeper,  a  narrow  valley  has  been  formed  and 
secondary  streams  break  back  in  minor  shallow  receding  swales 
and  valleys  approaching  the  erosional  type.  This  is  well  illus- 
trated by  Letts  creek  as  seen  in  the  township  of  same  name  and  in 
Whittemore  township  both  in  Kossuth  county.  The  Wisconsin 
plains  have  yet    another   characteristic;    they    are    everywhere 
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spotted  with  ^'kettleholes",  small  depressionSy  wet  places^  an  acre, 
less  or  more,  undrained'  and  grown  up,  where  yet  undisturbed  by 
cultivation,  to  various  forms  of  marsh  vegetation,  chiefly  sedges 
and  bulrushes  whose  dark  colors  contrast  vividly  with  tiie  paler 
vegetation  of  the  surrounding  prairie.  In  dry  years  the  water 
disappears  from  most  of  these  marshes  arid  many  of  them  are 
today  lost  in  cornfields  and  meadows.  But  even  after  cultivation 
this  remarkable  surface  peculiarity  may  still  be  traced.  On  the 
beaten  pasture  field  after  a  summer  shower  'Hhe  rain  also  filleth 
the  pools"  and  shines  in  little  shimmering  ponds  over  all  the 
landscape,  and  for  a  little  the  kettle-holes  all  come  back  again. 

The  topography  just  described  passes  more  or  less  directly  to 
the  north  and  east  into  a  second  type  quite  as  distinct  and  no  less 
remarkabla  As  we  pass  across  the  plain  the  horizon  is  suddenly 
broken  by  rounded  contours  of  low  mound-like  hills,  rising  to 
various  altitudes,  twenty,  thirty,  seldom  exceeding  forty  feet. 
As  we  ascend  one  of  the  highest  and  look  about  us  the  significance 
of  Owen^s  original  expression  becomes  vivid  indeed.  Here  is  the 
** knobby"  drift.  As  far  as  eye  can  reach  one  knob  succeeds 
another,  hill  after  hill,  at  distances  varying,  without  any  relation- 
ship to  each  other  or  any  regularity  whatever.  They  rise  out  of 
the  plain;  they  are  not  carved  from  it.  The  larger  are  apt  to 
occur  in  groups,  and  whore  tlie  sides  are  steep  as  is  frequently  the 
case,  the  summits  are  barren,  rocky  and  gravelly,  unfitted  wholly 
for  the  plough.  Hut  if  tho  knobs  tliemselves  are  peculiar,  no  less 
so  are  the  depressions  bt^lwoon  them.  These,  too,  have  little  or  no 
relation  to  each  other.  No  streams  run  among  hills  like  these; 
no  radiating  valleys  acknowledge  allegiance  to  tJiese  sloping  sides. 
On  the  contrary,  tho  Ht roams  of  the  country  seem  to  be  outside 
the  hills  altogether,  and  the  depressions  among  the  knobs  are 
not  valleys  they  are  oislorns,  lakes,  marshes,  swamps  or  pools. 
Here  and  there  an  imperfect  drainage  channel  connects  these 
nearly  isolated  swamps  and  we  have  a  winding  irregular  slough 
as  Mud  creek  in  Kossuth  County ;  sometimes,  for  reasons  to  be 
later  on  set  forth,  a  considerable  stream  cuts  through  the  ridges, 
hills  and  all,  as  Lime  creek ;  but  in  general  the  depressions  among 
these  hills  remain  undrained  or  have  Waited  the  advent  of  the 
county  ditch  and  the  skill  of  the  engineer.     The  accompanying 
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illustration,  Plate  II,  which  is  a  photographic  reprodiaction  of  the 
plat  of  one  township  as  made  by  the  original  United  States  sur- 
vey, will  give  some,  though  a  most  meager  idea  of  the  topography 
we  have  here  attempted  to  describe.  * 

Such  in  general  is  the  topographic  character  r  f  all  the  eastern 
part  of  Hancock  county,  nearly  all  of  Winnebago  county  and  the 
northern  half  of  Kossuth  county.  If  the  flat  plain  topography 
represents  the  bed  of  the  old  ice  sheet,  the  knobby  drifts  marks 
for  us  the  margin  or  limits  of  its  occupancy.  These  hills  are 
moraines,  pUes  of  material  unspreod  wh^i  the  movement  of  the 
glacier  stopped.  In  some  localities  topography  of  this  sort  results 
in  unusual  features  worthy  of  special  description.  Not  infre- 
quently the  marshes  are  deepened  into  lakes  and  the  knobs  assimie 
sometimes  correspondingly  commanding  proportionn.  Thus  there 
are  lakes  in  all  three  of  the  counties  we  discuss.  In  Hancock 
county  are  found  Twin  lakes  in  the  south  and  Crystal  lake  at 
the  north  and  between  them  Eagle  lake;  all  were  at  one  time 
notable  features  of  the  prairie  landscape.  All  seem  to  have  been 
meandered  and  stQl  preserve  in  large  part  their  oiiginal  identity. 
The  Twin  lakes  are  small,  the  larger,  eastern,  occupying  not  more 
than  200  hundred  acres.  The  western  lake  w!as  at  the  time  of  our 
visit  dry,  a  pasture-field  occupied  by  herds  of  cattle.  Nevertheless 
there  are  many  indications  that  it  was  once  a  permanent  body 
of  water  of  considerable  depth.  The  banks  were  in  many  places 
high  and  show  the  erosion  resultant  from-  wave  action;  on  the 
north  these  is  a  distinct  sandy  beach  with  recessional  ridges,  di- 
minutive terraces,  etc.,  all  indicating  a  lengthened  history.  Never- 
theless the  history  now  seems  forever  closed.  The  eastern  lake 
contains  today  the  waters  of  both.  In  this  rainy  year  of  1902, 
the  waters  are  by  no  means  deep,  and,  if  one  ma>  judge  by  the 
extended  growth  of  aquatic  plants,  bulrushes,  sedges  and  cat- 
tails, the  eastern  lake  is  also  passing  and  likely  at  no  distant  day 
to  become  a  cultivated  field. 

Eagle  lake  is  the  largest  body  of  water  in  the  three  counties. 
It  is  about  two  miles  and  a  half  long  and  half  as  wide  and  covers 
more  than  one  thousand  acres.    This  was  at  one  time  apparently 

♦For  further  illuAtration  the  curious  reader  may  consult  the  road  maps  of  anv  of  the  northern 
townships  of  Kossuth  county  as  they  lie  in  the  courthouse  at  Algona.  He  will  find  not  infrequently 
BH  many  as  six  distinct  marshes  along  one  side  of  a  given  section,  interfering  with  the  public 
road.     Ihere  are  often  more  than  thirty  to  the  square  mile. 

7  GRep 
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much  more  attractive  and  lake-like  than  now.  The  greatest  depth 
at  present  is  sadd  to  be  eight  feet  and  the  areas  of  open  water 
are  few  and  the  greater  part^  as  Twin  lake,  today  grown  np  with 
nishes  and  sedges.  Nevertheless  there  are  good  beaches  here, 
and  cottages  have  been  erected  on  the  western  shore.  Crystal 
lake  is  a  permanent  body  of  water  beautifully  surrounded  by 
groves  and  hills.  It  is  said  to  be  twenty  feet  deep;  at  any  rate 
the  depth  is  sufficient  to  shut  out  rushes  over  the  greater  part 
and  its  clear  surface  invites  tlie  pleasure-seeker's  boat 

The  lakes  of  Winnebago  count}'  are  less  impoilant.  Rice  lake, 
extending  across  the  boundary  and  lying  chiefly  perhaps  in  Wortli 
f50unty,  is  a  widespread  shallow  marsh  stretching  a  mile  or  two 
in  each  direction  but  with  only  a  limited  area  of  open  water.  Its 
waters  surround  an  island  lifted  fifteen  or  twenty  feet  above  the 
ordinary  level  of  the  water.  The  island  affords  a*  pleasant  beach 
on  which  cottages  have  been  erected.  The  lakes  of  Kossuth  county 
are  best  described  as  sloughs  or  marshes  and  will  no  doubt  even- 
tually all  be  drained. 

But  if  the  marshes  are  thus  sometimes  lakes,  the  knobs  are 
occasionally  no  less  like  mountains.  They  everywhere  surprise 
us  by  their  abruptness  and  steepness  and  in  Ellington  township 
of  Hancock  county,  are  found  twto  or  more  which  to  far  transcend 
all  others  that  they  have  long  been  famous.  The  highest  of  the 
group  is  Pilot  Knob*  which  as  the  barometer  reads  is?  nearly  301) 
feet  above  the  waters  of  Lime  Creek  at  its  base,  1450  feet  above 
sea  level.  This  is  not  only  the  finest  morainic  mound  thus  far 
described  in  Iowa,  but  is  one  of  the  finest  in  the  whole  country. 
Ocheydan  mound  is  only  half  so  high.  The  famous  Lapham 
Moamd,  Wisconsin  though  more  than  800  feet  above  the  level  of 
Lake  Michigan  is  not  so  high  above  Ihe  basal  plnin  «s  is  our  Pilot 
Knob.  The  visitor  api)roaehes  Pilot  Knob  uioro  easily  from 
Forest  City.  The  mound  is  visible  from  the  «^ti  eets  of  the  town 
(Fig.  16)  as  indeed  from  the  prairies  almost  an\ivhere  for  miles 
in  any  direction  looming  up  dark  and  blue  along  the  horizon.  The 
hjghway  climbs  at  first  by  easy  ascent  but  at  length  ascends  rather 

•To  the  pioneer  the  bonndlesH  prairies  of  the  MinslsHippi  valley  seem  to  have  come  ever  with 
irrectistible  suggeHtion  of  the  hxta.  The  endless  meadows  of  dark  grasses  driven  in  waves  before 
the  wind  established  a  more  vivid  likeness  and,  for  the  pioneer,  any  natural  object  which  aided 
the  traveler  to  And  his  way  across  the  nnroarkcd  plain  became  a  *  'pilot. "  Hence  Pilot  Rock  and 
Pilot  Mound  and  Pilot  Knob,  over  the  whole  western  country. 
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Fio.  1ft.     Pilot  Knob  bi  vlHible  from  tht'  strwrt*  of  Fon-wt  City. 

abruptly  to  the  western  extension  of  the  hill  wlionce  the  Knob 
still  looms  above  us  nearly  a  mile  further  to  the  east.  Between 
lie  mountain  meadows,  as  typically  such  as  if  the  mountains  really 
rose  around  us;  sedgy  bogs  girt  around  by  the  whiter  ranks  of  the 
aspen,  walled  in  by  impassable  ridges.  A  tiny  lake  (Fig.  17)  lies 
to  the  south  200  feet  above  Lime  croek,  fed  by  si)rings,  cold  and 
clear,  in  summer  decked  by  water  lilies  and  all  forms  of  north- 
em  aquatic  vegetation,  but  the  knob  is  nearly  a  hundred  feet  above 
us  still.  Forests  of  oak  and  ash,  linden  and  hickory  spread  all 
around  diminishing  as  we  ascend,  until  we  reach  the  wind-swept 
summit,  perfectly  bare;  a  miniaturr  mountain  in  eveiy  particu- 
lar. The  view  from  the  summit  is  certainly  the  finest  of  its  kind. 
The  Knob  is  so  isolated  and  so  steep  on  almost  every  side  that 
the  prosi^ect  in  every  diiection  is  limited  only  by  the  ix)wei-s  of  dis- 
tinct vision.  On  the  plain  below  us  covered,  as  we  know,  with 
hillocks  and  knobs,  all  inequalities  vanish.  The  scene  entire 
seems  level  where  houses,  groves  and  towns  appear  in  varied 
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Ffo.  17.     D(«d  Man'8  lake.     A  tiny  lake  lies  to  the  south. 

colors  to  the  far  horizon's  rim.    Here  is  the  natural  park  for  the 
people  of  Forest  Cit>\ 

Having  thus  seen  something  of  the  nature  of  the  topography 
with  which  we  deal,  we  may  now  take  a  more  comprehensive  view 
and  note  its  general  arrangement  It  is  immediately  apparent 
that  there  are  no  knobs  to  the  south  and  west,  and  no  plains  to  the 
north  and  oast.  The  traveller  on  the  Milwaukee  railway  ap- 
proaching from  the  east  meets  the  knobs  at  Clear  Lake  or  near  it: 
they  keep  him  comf)any  to  Britt  and  then  disappear  entirely.  He 
has  pasHcd  through  the  marginal,  or  Altamont  moraine  of  the 
Wisconsin  drift  in  this  localitj%  a  distance  of  some  twenty-two 
miles.  If  the  reader  will  consult  the  map  of  Cerro  Gordo  county 
jjublished  in  this  series  of  reports*"  he  will  discover  that  out- 
wardly, that  is,  on  the  eastern  side,  the  moraine  terminates  by 
a  comparatively  uniform  front,  the  line  of  demarkation  between 
the  hill  country  and  the  succeeding  plain  is  nearly  straight,  or 
at  least  not  very  irregular;  the  inner  margin  of  the  moraine  is 

•  Rc»port  of  the  Iowa  GooloKlcal  Survey,  Vol.  VII,  p.  180. 
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quite  the  reversa  The  ioe  seems  to  Jiave  jretumed  from  north 
and  west  again  and  again  as  if  loth  to  release  its  hold,  but  re- 
eession  onoe  begnm  the  margin  never  quite  reached  again  its  far- 
thest eastern  out-push.  By  consulting  the  maps  it  will  be  noticed 
that  the  existent  drainage  system  is  m  large  measure  correspond- 
ent to  geological  history  as  portrayed.  It  would  seem  as  if  the 
inner  margin  of  the  moraine  was  first  correspondent  in  general 
with  the  eastern  bank  of  Lime  Creek  and  the  east  fork  of  the 
Iowa  river.  The  first  return  gave  us  in  the  same  way  the  west 
fork  of  the  river  and  the  -series  of  lakes  to  which  we  have  already 
alluded.  Subsequent  advances  and  retreats  presented  in  each 
case  a  somewhat  arcuate  or  V-shaped  front  extending  mainly 
east  and  wfest  and  leaving  as  results  of  marginal  drainage  the 
peouliarily  paired  affluent  streams  which  in  Kossuth  county  es- 
pecially form  the  head-waters  of  the  upper  Des  Moines.  It  is 
probable  that  these  later  morainic  fields  will  be  found  coinci- 
dent with  others  in  Palo  Alto  and  Emmett  county  which  will 
again  unite  with  those  already  noted  in  Dickenson  and  Clay  and 
•so  form  a  more  or  less  continuous  recessional  moraine  across  the 
entire  field  of  Wisconsin  invasion  in  northern  Iowa. 

A  peculiar  feature  in  the  top(^raphy  of  Kossuth  county  may 
be  mentioned'  here.  Extending  from  the  north  part  of  Portland 
township  entirely  across  Ramsey  township  and  into  Ledyard  is 
a  deep,  well-defined  depression  known  as  Union  Slough.  The 
banks  are  in  most  places  precipitous^  twenty  or  thirty  feet  high 
and  evidently  the  result  of  some  f onner  erosion.  W^e  say  former 
erosion  because  there  is  evidently  no  erosion  now*.  The  bottom 
is  flat,  a  mile  at  least  in  average  width,  without  present  channel 
or  even  drainage ;  simply  a  sharply  outlined  morass  or  swamp  a 
mile  or  more  in  width  and  ten  miles  long,  shut  in  by  high  banks 
and  hills.  At  present  the  whole  surface  is  covered  with  wUter 
from  one  to  three  or  four  feet  deep,  so  level  that  a  stream-  escapes 
from  each  end,  south  into  Buffalo  creek,  north  into  the  Blue  Earth 
river.  This  trough-like  valley  is  no  doubt  a  section  of  the  chan- 
nel of  some  preglacial  stream,  probably  part  of  the  stream  now 
represented  by  the  Des  Moines,  a  part  that  in  some  way  escaped 
obliteration,  although  cut  off,  especially  at  the  south,  by  glacial 
detritus,  piles  of  gravel  and  sand.    It  seems  probable  that  Buffalo 
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creek  iteelf ,  after  passing  the  south  end  of  the  sloughy  may  oc»apy 
for  a  little  way,  till  it  reaches  the  river,  part  of  the  same  old 
channel,  and  possibly  the  Des  Moines  also  does  the  same  thing' 
here  and  there  in  its  course  southward. 

Another  topographic  feature  that  is  at  first  sight  rather  anom- 
alous is  the  Irvingtcm  ridge.    A  high  plateau  extends  frona  the 
river  east  and  north  from  about  Innngton  around  by  St  Benedict 
and  Wesley  and  so  northeast  until  it  joins  the  morainic  hills  south 
and  east  of  Woden.    The  most  prominent  margin  of  the  plateau 
is  along  the  south  and  follows  almost  exactly  for  several  miles 
the  section-line  road  one  mile  south  of  the  middle  of  Irvington 
township.    This  plateau  is  only  about  twenty  or  twenty-five  feet 
higher  than  the  Hutohinfi^-Britt-Cprwith  plain,  but  it  is  perfectly 
of  forming  a  correct  impression  of  our  extremely  level  topo- 
graphy.   Compare,  for  example,  the  Milwaukee  line  from  Gar- 
named,  as  Prairie   creek  in    the   several   branches,  find  at  the 
plateau-margin  a  cutting  point  and  erosion  has  worked  back  in 
rather  unusual  complexity  from  the  crest    The  topography  looks 
much  older  than  it  really  is,  for  tliere  is  no  reason  to  suppose 
it  earlier  than  the  glacial  epoch  we  are  discussing.     It  seems 
probable  that  the  plateau  represents  the  margin  of  an  advance 
of  the  ice  sheet  which  immediately  receded,  stopping  some  miles 
to  the  north  where  the  knobby-drift  region  may  be  first  traced 
and  that  in  this  advance  either  no  moraine  was  left  at  the  soilth 
or  it  has  been  obliterated  by  erosion,  at  first  exaggerated  by  the 
nearness  of  the  ice-front.    The  drainage  has,  however,  been  al- 
ways principally  toward  the  Des  Moines  channel ;  there  is  a  fall 
from  the  eastern  crest  toward  the  river  of  about  four  feet  per 
mile. 

The  map  accompanying  sets  forth  suflSciently  tlie  topography 
of  the  region  and  in  the  light  of  what  has  been  said  further  des- 
cription seems  unnecessary.  Tlie  supjx>sition  tliat  tlie  ice  at 
first  moved  soutli  and  east  at  the  same  time  and  later  in  a  direc- 
tion almost  directly  south  will  probably  account  for  the  general 
trend  of  tlie  ridges  and  hills  in  different  parts  of  the  area  here 
described. 

On  this  map  the  altitude  of  the  railway  at  tlie  station  is  entered 
near  the  name  of  each  town  or  village.    A  comparison  of  these 
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altitudes  as  reported  will  be  very  instrootive  to  anyone  desirous 
of  forming  a  correct  impression  of  our  extremely  level  topo- 
graphy. Compare,  for  example,  the  Milwaukee  line  from  Gar- 
ner to  Whittemore;  or  the  Northwestern  in  Kossuth  xjounty. 

DRAINAGE. 

The  drainage  of  the  area  before  us  instead  of  determining  the 
topography  is  almost  entirely  determined  by  it  In  some  plaoea 
the  drainage  is  perfect  or  nearly  so;  in  many  places  there  is  no- 
drainage  at  all.  There  is  however  a  general  slope  to  the  south 
or  southeast  and  when  natural  drainage  flails  it  is  still  possible 
by  ditching  to  reach  the  end  desired  and  some  of  the  finest  farms 
in  the  country  border  a  brimming  county  ditch. 

The  naturally  drained  parts  of  these  counties  are  in  the  main 
those  immediately  contiguous  to  the  principal  streams.  Among 
the  morainio  hills  there  are,  of  course,  many  well  drained  fields ; 
but  these  are  often  so  situated  as  to  make  their  cultivation  diffi- 
cult until  the  adjoining  marshes  are  drained  or  tiled. 

The  principal  streams  of  the  three  counties  are:  the  Des 
Moines  river  and  its  tributaries,  the  Iowa  river  in  two  branches, 
and  Lime  creek,  affecting  principally  the  eastern  side  of  Winne- 
bago county.  The  Des  Moines  river,  or  rather  the  eastern  fork 
of  that  stream,  takes  rise  in  southern  Minnesota  and  enters  Kos- 
suth county  from  Emmet  county  some  twelve  miles  south  of  the 
State  line.  The  stream  is  of  less  importance  until  joined  by  its 
principal  eastern  tributary'-,  Buffalo  creek.  From  the  point  of 
this  union  some  three  miles  south  of  the  center  of  Kossuth  county 
the  river  courses  almost  directly  south  through  the  middle  of  the 
county  and  emerges  almost  exactly  at  the  center  of  its  southern 
boundary.  The  river  is  a  fine  perennial  stream.  The  valley  of 
the  river  from  its  union  with  the  Buffalo  down  to  the  Algona 
city  limits  follows  apparently  an  old  time  channel.  The  flood  plain 
is  wide  with  much  alluvium.  At  Algona  the  channel  seems  to 
have  been  pushed  west  by  the  drift.  At  any  rate  the  valley  is 
here  new  and  narrow  and  is  flanked  by  narrow  choppy  ravines. 
Below  the  city  the  valley  widens  again  and  at  Irvington  seems  to 
have  been  at  one  time  gorged  with  gravel,  probably  because  of 
the  sudden  bend  at  this  point  to  the  west.    The  most  remarkable 
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thing  aboiutv  the  valley  is  its.  depth  and  the  extent  of  erosion  it 
displays.  When,  as  evidenced  by  the  topography,  the  glacier  lay 
about  Bancroft  and  Burt  the  marginal  drainage  was  into  the 
channel  of  the  Des  Moines  especially  by  way  of  the  Black  Cat, 
Buffalo  Fork  and  Lander's  creek  and  these  tributaries  all  show 
the  same  very  marked  erosive  features.  Indeed  all  the  streams 
that  converge  immediately  north  of  Algona  are  more  or  less 
deeply  eroded  and  the  drainage  of  this  part  of  the  county,  south 
of  a  line  passing  through  Lone  Rock,  is  proportionally  good.  The 
streacDj  channels  cut  thus  deep  in  the  prairie  are  here  and  there* 
quite  heavily  bordered  by  native  woods  and  the  natural  scenery 
is  often  beautiful. 

The  streams  in  the  northern  half  of  Kossuth  county  are  all 
simply  sloughs.  Mud  creek,  the  longest  of  them  is  Well  named: 
for  the  greater  part  of  its  course  through  several  townships  it 
has  no  eroded  channel  and  waits  the  tardy  aid  of  a  county  ditch. 
The  Blue  Earth  river  flowing  north  carries  a  strong  current  and 
seemfi  to  be  the  principal  outlet  of  Union  Slough  and  probably 
carries  away  most  of  the  water  from  the  public  ditch  which  enters 
the  upper  end  of  the  slough,  draining  Ledyard  township. 

The  Iowa  river  is  especially  interestiDg  because  heading  in  the 
territory  before  us  and  so  illui^trating  the  beginnings  of  a  char- 
acteristic or  typical  prairie  stream. 

The  Iowa  river  drains  the  eastern  half  of  Hancock  county  and 
flows  southward  in  two  perennial  f  orks^  both  determined  in  coarse 
by  the  topography  of  the  moraine,  both,  but  especially  the  westr 
em,  primarily  a  drainage  channel  for  the  inner  margin  of  the 
Altamont.  Neither  gives  evidence  anywhere  within  our  limits 
of  any  extended  erosive  power.  "Where  the  valley  is  large  or 
wide  its  width  is  referable  to  the  original  position  of  the  knobs 
or  hills  more  than  to  any  carving  done  by  the  stream.  The  east 
fork  of  the  Iowa  river  takes  origin  in  a  series  of  marshes  occu- 
pying the  central  sections  of  Madison  township,  Hancock  county. 
Some  of  these  swamps  are  within  less  than  half  a  mile  of  the 
course  of  the  west  fork  in  this  locality.  Having  gathered  the 
waters  of  most  of  the  sloughs  in  Madison  township  and  the 
north  part  of  Garfield  township,  winding  about  amid  the  mo- 
rainic  ridges  and  ever  escaping  southward  where  the  hills  have 
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left  a  convenient  gap,  the  stream  tends  at  length  ahnoet  directly 
southward  along  the  east  line  of  Garfield  township  and  so  con- 
tinnes  for  some  eighteen  or  twenty  miles,  leaving  the  county  five 
miles  from  the  southeast  comer.  The  stream  receives  its  princi- 
pal tributaries  from  the  high  flat  prairies  of  Ell  and  Avery 
townships,  the  moraine  on  the  east  side  of  the  river  holding  a  re- 
spectful distance,  four  or  five  miles  or  more  away;  on  the  east 
the  valley  is  limited  by  morainic  swells  and  ridges  all  the  way ; 
these  are  especially  prominent  in  the  vidnity  of  Goodell  and 
Klemme.  At  the  latter  point  the  stream  has  cut  through  an  eas*t- 
wtod  projecting  spur.  Near  the  old  town  of  Amsterdam  in 
Avery  tawnship  the  river  has  a  wide  alluvial  sandy  flood  plain, 
but  it  emerges  from  the  county  with  only  a  narrow  slightly 
eroded  valley.  The  west  fork  of  the  river  in  its  rise  and  progress 
is  more  remarkable  still.  Crystal  lake  may  be  called  the  head  of 
the  Iowa  river.  Its  outlet  flows  east  or  northeas*t  and  passing 
through  a  gap  in  the  morainic  ridge  just  south  of  school  house 
number  one  in  Crystal  township,  helped  by  a  ditch,  the  stream 
turns  southeast  into  Madison.  It  seems  that  the  waters  of  Ed- 
wards lake  at  time  of  overflow,  a  rare  occasion,  also  seek  the  same 
channel,  although  it  is  possible  that  in  Mgh  water  the  lake  might 
drain  equally  wefU  into  a  marsh  to  the  east  This  latter  has  been 
ditched  into  communication  with  a  branch  of  Lime  creek,  care 
being  taken  to  avoid  the  upper  ramifications  of  the  east  fork  of 
the  river.  Such  are  the  difficulties  under  which  one  of  the  prin- 
cipal rivers  of  Iowa  is  dietermined  in  its  first  outgoing. 

Once  started  the  river  streams  on  from  one  swamp  to  another 
avoiding  many  and  finally,  as  the  east  fork,  on  the  bounds  of 
Crystal  towUship  turns  directly  south  passing  Eagle  lake  one- 
half  mile  to  the  west,  but  draining  it  only  indirectly  and  in  most 
circuitous  fashion,  then  on  south,  almost  directly  south,  limited 
by  moraines  now  on  this  side  now  on  that  but  forming  no  valley 
for  itself  until  it 'cuts  through  the  moraine  to  the  east  at  last  in 
Winfield  township  and  thenceforth  occupies  a  channel  distinctly 
erosional  until  it  leaves  the  county  within  about  three  miles  of 
the  point  of  emergence  of  the  east  fork.  The  streams  are  thus 
seen  to  be  nearly  parallel.  Their  direction  and  proximity  are 
equally  remarkable.    They  are  more  than  once  within  three  or 
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four  miles  of  each  other.  The  phenomenon  is  explained  only 
when  we  study  the  topography  which  they  have  not  caused  but 
by  which  they  are  from-  first  to  last  conditioned.  For  this  reason 
these  streams,  although  perennial  and  of  considerable  import- 
ance are  less  efficient  in  conveying  away  the  surplus  water  of  the 
fields.  Only  at  the  last  have  the  currents  sufficient  fall  and  force 
to  excavate  a  channel.  Hence  only  in  the  southern  townships 
of  the  county  are  the  valleys  really  serviceable.  Erosion  has 
nowhere  affected  the  secondary  streams,  and  ditches  are  the 
order  of  the  day. 

Another  jwuirie  stream  which  must  be  mentioned  here  is  the 
Boone  river.  This  also  takes  its  rise  in  Hancock  county  and  is 
likewise  of  minimum  service  asi  a  drainage  channel.  As  above 
1  emarked  the  general  slope  of  the  country  is  south  and  the  Boone 
in  most  of  its  course  simply  creeps  aimlessly  about  upon  the  sur- 
face. Erosion  appears  in  the  \dcinity  of  Oorwith  and  thence 
fc*outh,  but  the  main  stream  and  all  its  tributaries  are  simply  wide 
low  swales  or  depressions  over  which  the  waters  spread  in  times 
of  flood^,  but,  except  as  aided  by  human  device,  produced  no  ero- 
sive change  whatever.  Paradoxical  as  it  may  seem,  the  valley 
of  the  Boone  in  Hancock  county  is  an  almost  level  plain ;  a  de- 
pression unperceived  by  him  who  passes  over  it. 

Lime  creek  is  the  third  principal  drainage  cliannel  of  the  ter- 
ritory now  examined.  This  water  rises  in  Minnesota  and  enters 
Winnebago  count>^  as  a  considerable  stream  about  three  miles 
east  of  the  northeast  comer  of  Noi-way  township.  The  general 
course  for  many  miles  is  almost  directly  south,  the  westing  being 
only  about  four  miles  in  Winnebago  county.  This  stream  also 
represents  the  original  drainage  of  the  inner  margin  of  the  Alta- 
mont.  The  whole  of  the  three  eastern  townships  of  this  county 
is  morainic.  In  fact  these  townships  have  practically  no  drain- 
age at  all,  for  there  are,  strange  enough,  no  tributaries  to  Lime 
creek  from  the  east.  Beaver  creek  in  the  soutlieast  is  of  value  to 
Mount  Valley  township;  but  although  the  whole  country  is  hilly 
it  is  \\ithoat  natural  drainage  to  a  very  large  extent.  On  the 
other  hand  a  considerable  but  ver\^  imperfect  drainage  enters 
Lime  (ireek  from  tlie  west.  The  county  ditch  following  sloughs 
and  Bwamj>s,  some  in  natural  connection  and  some  not,  now  drains 
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all  of  Newton  township,  drains  Lake  Harmon  in  Logan  township 
and  even  the  east  side  of  King  township.  The  chanmi  of  Lime 
creek  is  generally  wide  but  uneven,  little  eroded  above  Forest 
City.  At  Forest  City  the  erosion  is  very  marked.  Forest  City 
occupies  part  of  a  morainic  ridge  some  seventy  feet  above  the 
flood  plain  of  the  creek,  so  that  the  valley  here  is  not  only  deeg 
but  remarkably  narrow.  There  is  every  reason  to  believe  that 
the  creek  has  since  the  retreat  of  the  ice  cut  through  the  moraine, 
which  is  indeed  part  of  the  Pilot  Knob  system,  and  so  found  its 
way  into  the  much  broader  valley  immidiately  to  the  south.  This 
valley,  however,  leads  east ;  there  are  in  places  considerable  flood 
plains  and  here  and  there  a  considerable  deposit  of  gravel ;  but 
in  general  in  Hancock  county  the  creek  simply  winds  about 
among  the  morainic  hills  showing  only  here  and  there  evidence 
of  efficient  erosion.  Immediately  northwest  of  Forest  City  is  a 
sandy  plain  including  a  number  of  the  south-central  sections  of 
Forest  township.  This  with  the  rather  wide  alluvial  bottom  land 
or  flood  plain  of  the  creek  from  Leland  south  all  tends  to  confirm 
our  conclusion  that  at  Forest  City  the  narrow  valley  has  only 
recently,  as  such  things  are  esteemed,  been  cut  down  and  through. 
If  one  examines  the  map  and  the  general  trend  of  the  moraines 
there  sketched,  together  with  the  course  of  the  Lime  creek  as  far 
as  Forest  City  and  that  of  the  east  fork  of  the  Iowa,  he  can  hardly 
resist  the  conclusion  that  these  streams  might  really  have  been 
one  but  for  the  curious  intervention  of  the  successive  morainic 
ridges  which  first  damned  up  Lime  creek  altogether  and  then 
shointed  it  away  off  eastward  and  northeastward  ere  ever  it  made 
escape  southward  and  eastward  in  accord  with  the  general  slope 
^characteristic  of  this  part  of  Iowa,  and  the  general  trend  of  Iowa 
streams. 

All  the  streams  here  described  are  remarkable  in  that  they 
take  origin  in  simply  wide-extended  meadows,  great  marshes  on 
which  the  water  is  generally  nowhere  deep  enough  to  prevent 
luxuriant  growth  of  sedgy  vegetation,  but  which  seeps  away  with 
such  slowness  as  to  become  in  fact  a  i)erennial  fountain.  The 
-effect  of  man's  interference  has  been  in  many  cases, — by  no 
means  yet  in  all, — to  hasten  by  ditching  the  escape  of  the  marsh 
water  and  at  length  of  the  storm  water,  so  that  such  rivers  as  the 
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IbwB  are  likely  more  and  more  to  become  tenuous  and  nneertaiix 
in  dry  ^vBather,  more  and  more  impetuous;  sudden,  erosive  tor- 
rents in  time,  of  protracted  rain. 

GEOLOOICAI.  FOBMATIOirS. 

GENERAL   DESCEIPTION. 

The  geological  formations  represented  in  these  three  counties 
are  very  few;  in  fact,  but  two,  and  these  are  no  more  than  two 
superimposed  sheets  of  till  or  drift  with  no  indurated  rocky  strata 
exposed  or  even  discoverable,  except  by  the  well-digger's  drDl,^ 
ill  the  whole  area.  The  geology  is  almost  wholly  surface  geology 
and  apart  from  the  topography  just  described  offers  few  themes 
for  present  discussion.  There  are  no  quarries,  save  the  scattered 
bowlders  of  the  prairie;  sometimes  so  large  that  a  single  one  con- 
stitutes for  a  time  a  local  quarry,  sometimes  so  abundant  that  a. 
single  farm  may  furnish  building  stone  for  the  neighborhood  and. 
to  spare.  Here  are  named  the  only  geological  formations  recog- 
nized : 


GROUP. 


CenoKJic. 


SYSTEM.  SBRIBS.  STAGE. 


,  I  W.sconsin. 

Pleistocene.  >  Glacial.  lowaD.  (?) 

I  '  Kansan. 


The  Pleistocene  System. 

KANSAN  DRIFT. 


The  Kansan  drift  is  the  name  applied  to  the  vast  body  of 
glacial  detritus  spread  over  nearly  the  whole  area  of  Iowa  and 
constituting  still  the  superficial  dejwsit  of  the  larger  portion  of 
the  State's  area.  Older  than  the  other  generally  recognized  drift 
sheets  it  lies  beneath  these  and  so,  as  in  our  present  field  is  only 
here  and  thei-e  exposed,  although  everywhere  discoverable.  The- 
farmer  who  sinks  a  well,  or  sometimes  even  the  man  who  exca- 
vates a  cellar,  the  road-maker  who  oats  the  hills,  the  railway  en- 
gineer who  empties  a  pocket  of  gravel, — anyone  who  for  any  rea- 
son cuts  through  the  oommon  countrj^  clay  is  sure  to  encounter 
sooner  or  later  what  he  calls  a  hard-pan  of  blue  clay.    This  ex- 
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perienoe  is  so  general  that  it  is  everjrwhore  understood.  The  blue 
clay  is  a  recognized  sub-stratum  of  which  everybody  is  sure, 
the  only  question  being  as  to  relative  depth  or  position  and  its 
thickness.  The  student  of  surface  deposits  recognizes  in  this 
omnipresent  sheet  of  blue  clay  a  member  of  the  Kansan  drift. 
Whatever  may  be  above  it  or  below  it  this  much  over  the  whole 
state,  with  few  minor  exceptions,  is  fixed  and  constant.  Now  in 
the  area  here  described  the  blue  clay,  so  far  as  discovered,  comes 
naturally  nowhere  to  the  surface.  It  is  probably  very  near  the 
surface  in  many  places,  covered  by  the  black  soil  only;  but  its 
proximity  to  the  surface  even  where  so  reported,  could  not  be 
confirmed.  The  Kansan  clay  has  however  been  uncovered  in 
places  not  a  few  by  artificial  means  and  sometimes  by  erosion. 
Besides,  the  bottom  of  Union  Slough  and  the  beds  of  many  of  the 
lakes  and  sloughs  are  said  to  be  blue  clay.  The  bottom  of  the 
Irvington  gravel  pit  seems  to  be  blue  clay,  and  road  cuttings  be- 
tween Algona  and  Irvington,  along  the  river,  reveal  the  same 
peculiar,  easily  identified  formation.  Along  the  road  that  leads 
up  from  the  river  southwest  in  section  10  a  peculiar  jointed  day 
may  be  observed  which  represents  an  oxidized  upper  i)ortion  of 
this  same  blue  day  horizon.  The  experienced  traveller  along  the 
Mghway  will  catch  many  such  glimpses,  espedally  after  heavy 
rains  when  erosion  is  everywhere  unusually  fresh  and  dean.  It 
may  be  worthy  of  record  that  for  such  observation  the  summer  of 
1902  gave  exceptional  oppo^tunit3^  But  beyond  all  surface  ex- 
posures, the  record  of  every  deep  well  in  the  whole  country  estab- 
lishes the  presence  of  the  Kansan  drift  as  the  universal  subja- 
cent stratum  over  our  entire  area.  Just  above  this  hard-pan  of 
blue  clay  there  is  often  found  in  other  parts  of  Iowa  a  deposit 
of  hard  compact  brown  or  reddish  gravel,  and  traces  of  this  are 
also  not  lacking  in  the  snirface  exposures  referred  to  along  the 
Des  Moines  river. 

It  was  to  be  expected  that  traces  of  the  lowan  drift  had  been 
<3iscoverable  here.  This  deposit  in  Cerro  Gordo  county  and  all 
the  country  east  constitutes  the  surface  and  lies  directly  upon 
the  Kansan  or  upon  the  country  rock.  It  seems,  however,  that 
in  this  neighborhood  the  lowan  deposits  are  very  thin,  very 
scanty,  represented  in  many  places,  as  it  appears,  by  trains  of 


102  GEOLOGY  OF  KOSSUTH,  HANCOCK  AND  WINNEBAGO  COUNTIES. 

bowlders  only.*  Besides  the  opportunities  for  observation,  for 
tradng  lines  of  oooitact  in  materials  so  easily  displaced  are  not 
many.  The  ooomtry  as  already  shown  is  flat  save  as  covered  by 
piles  of  the  later  drift,  conditions  entirely  unfavorable  to  strati- 
graphic  observation.  It  is  difficult  to  say  how  much  farther  thaxi 
present  known  limits  the  lowan  may  have  extended  westward  ; 
its  western  moraine  haa  been  obliterated  in  this  latitude,  did  such 
ever  exist;  nevertheless  it  is  to  be  hoped  that  somewhere  within 
the  limits  of  the  counties  now  before  us,  possibly  in  Hancock  or 
Winnebago  comnties,  probably  not  in  Kossuth,  which  is  too  far 
west,  some  section  more  fortunate  may  one  day  reveal  the  se- 
quence of  all  the  Pleistocene  deix>sits  that  here  properly  belong  or 
may  in  good  reason  be  assumed.  There  is  evidence  also  in  the 
report  of  well-diggers  for  this  region,  of  the  existence  of  still 
other,  older,  Pleistocene  deposits  beneath  the  Kansan.  Everywhere 
come  the  usual  reports  of  the  finding  of  muck,  twigs,  sticks,  etc., 
under  the  blue  clay,  with  bad  water  from  the  black  horizon.  All 
this  indicates,  of  coui-se,  that  this  blue  clay  bed  covers  an  older 
surface,  a  surface  once  green  with  vegetation  as  is  the  present,, 
though  with  a  somewhat  different  vegetation  as  the  twigs  and 
sticks  would  show.  Besides,  after  passing  the  blue  clay  the  drill 
often  goes  through  gravel,  and  other  drift  material  for  consider- 
able distances  before  reaching  limestone.  Thus  at  Lake  Mills  the 
town  well  showed  some  twenty-five  or  thirty  feet  of  such  material, 
other  wells  are  repoi-ted  as  showing  even  more.  That  is  to  say 
tliere  is  at  least  one  other  drift  sheet  under  that  here  described  as 
Kansan,  but  we  have  not  yet  sufficient  date  for  ite  delimitetion 
or  definition. 

In  the  same  way  in  which  we  learn  of  this  fonnation  we  come 
to  a  knowledge  of  tlie  rocky  floor  which  at  greater  or  less  depth 
underlies  all  this  great  body  of  drift  gravels  and  sand  and  clay. 
;  The  limestone  that  crops  out  in  Cerro  Gordo  and  Humboldt  coun- 
ties may  guide  us  somewhat  in  determining  the  foundation  lime- 
stones next  tlie  drift  in  Hancock  and  Kossuth.  They  represent 
possibly  the  Kinderhook  stage  of  the  liOwer  Carboniferous,  or  the 
Lime  Creek  stage  of  the  Devonian,  on  the  south,  with  the  Cedar 
Valley  stage  of  the  same  system  in  the  north,  esjieoially  in  nortli- 

•See,  of  the  pr«»ont  series,  Vol.  VII.  pp.  174-6. 
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ern  Hancock  and  Winnebago  county.*  Tlie  limestone  occurs  at 
no  great  depth  in  any  part  of  our  field;  thus  at  Lake  Mills  the 
depth  is  reported!  one  hundred  feet ;  at  Thompson,  nearly  west, 
one  hundred  and  eighty  feet;  at  Germania,  directly  west  of 
Thompson,  only  seventy  feet.  At  Jjone  Rock  and  in  that  vicinity 
the  limestone  lies  at  from  one  hundred  to  one  hundred  and 
twenty  feet  beneath  the  surface ;  at  Gamer,  at  one  hundred  and 
ten  to  one  hundred  and  twenty ;  at  Biitt,  one  hundred  and  twenty - 
five  feet;  at  Algona,  two  hundred  and  thirty  feet  is  the  report. 
If  this  is  true  the  well  must  have  struck  some  earlier  valley  or 
depression,  doubtless  the  earlier  channel  of  the  Des  Moines.  At 
West  Bend,  west  side  of  Kossuth  county,  one  hundred  and  sixty 
feet  is  the  distance  to  the  limestone.  This  reveals  a  remarkable 
uniformity  in  the  rocky  floor  on  which  the  drift  has  been  in  one 
deposit  after  another  gradually  laid  down. 

THE  WISCONSIN   DRIFT. 

Without  exception,  so  far  as  now  known  the  entire  surface  of 
Winnebago,  Hancock  and  Kossuth  counties  is  covered  by  the 
deposit  known  in  these  reports  as  the  Wisconsin  drift.  Often 
described  in  tliese  pages  it  needs  sma.ll  discussion  here.  Where 
exposed  by  erosion  or  artificial  cuttings  it  is  the  same  whitish, 
sticky,  pebbly  calcareous  mixture  that  we  find  everjrwhere  as 
subsoil  in  all  tlie  northwest  prairie.  In  this  drift  are  abounding 
bowlders,  none  very  large,  predominantly  of  the  type  intersected 
by  veins  of  trap  and  hence  where  weathered  liable  lo  assume 
fantastic  shapes. t  (Fig.  18).  Occasionally  the  typical  Wisconsin 
bowlder  clay  gives  place  to  piles  and  beds  of  sand  or  gravel  but 
this  is  unusual.  Even  Pilot  Knob  piled  high  as  it  is,  appears  to  be 
made  up  throughout  of  naught  but  pebbly  drift.  The  rains  of 
centuries  have  washed,  or  course,  all  the  finer  earth  from  the 
summit  of  the  hill  jind  it  now  appears  bare  and  gravel-capped, 
but  the  gravel  is  surely  superficial  only.  On  the  other  hand  a 
mound  one  hundred  feet  lower  exhibits  on  its  western  face  a 
gravel  pocket  of  considerable  size  now  used  as  a  source  of  road- 
material.    Other  rocky  points  appear  here  and  there,  as,  for  ex- 

•See,  of  thlHserlea.  Vol.  IX,  o.  122,  and  Vol.  VII,  p.  144,  etseq. 

■Mn  Avery  township  on  the  farm  of  Emily  GrisgH  a  collection  of  the^e  pecaliar  Wisoonoin 
bowlders  has  been  assembled  and  the  btones  havn  b€«n  placed  In  various  fanclfnl  postures  to 
which  peculiar  erosion  well  adapts  them. 


1W]gB0L0GY  op  KOSSUTH,  HANCOCK  AND  WINNEBAGO  COUNTIES. 


Fi(».   IS.     Bowldcr-«  lial>lo  to  a'*sunu'  fanta-«tic  slmp^^s. 

ample,  in  sections  1  and  2  of  Bang  township,  Winnebago  county, 
but  even  the  so-called  ''hog's  back"  in  Norway  township  of  the 
same  county,  a  peculiar  ridge,  some  twentj^-five  or  forty  feet 
above  the  general  level,  a  mile  or  more  in  length  and  in  places 
no  more  than  a  rod  wide,  is  probably  Wisconsin  clay  throughout. 
In  the  neighborhood  of  all  the  lakes  there  are  banks  and  beds  of 
sand  affording  not  infrequently  the  Juxuiy  of  a  sandy  beach;  but 
such  sand  is  often  the  result  of  a  re-assortuicnt  of  materials  by  the 
waters  of  the  lake;  the  finer  silt  has  been  removed,  the  s^and  re- 
maining on  the  wave-washed  shore. 

The  Wisconsin  Gravels — Under  this  caption  may  be  discussed 
the  few  gravel  deposits  in  the  present  area  which  seem  to  be  due 
to  the  excessive  wash  incident  to  the  melting  and  final  disappear- 
ance of  the  assumed  Wisconsin  glacier.  There  are  few  or  no 
such  deposits  along  the  Boone  river,  Prairie  creek  or  the  forks 
of  the  Iowa.  Such  as  we  have  are  to  be  seen  along  the  Des 
Moines  river  below  Algona.  This  indicates  that  the  rapid  drain- 
age of  the  disappearing  ice  found  principal  exit  by  way  of  the 
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larger  river.  From  a  point  about  two  miles  south  of  Algona  on 
to  the  limits  of  Kossuth  county  the  Des  Moines  channel  has  been 
choked  with  gravel.  This  is  especially  notable  at  Irvington 
where  from!  a  bed  of  such  material  the  Northwestern  railway  has 
taken  out  hundreds  of  carloads  of  gravel  ballast.  At  Irvington 
the  river  shifts  abruptly  west  for  a  couple  of  miles  and  the 
northern  bank  is  an  immense  gravel  train.  So  at  Lime  creek  in 
Ellington  township  of  Hancock  county;  the  drainage  before  it 
cut  through  at  Forest  City  must  have  gone  over  the  ridge  and 
found  ready  to  hand  south  of  Pilot  Knob  a  considerable  valley 
which  it  proceeded  to  fill  up  with  gravel.  The  Burlington  and 
Cedar  Rapids  railway  has  availed  itself  of  part  of  this  over- 
wash  found  in  the  gravel-pit  some  two  miles  south  of  Forest  City. 
In  sections  15, 16  and  17  of  Ellington  township  gravel  trains  are 
conspicuous  along  the  north  side  of  the  creek.  A  well  sunk  on 
the  Beadle  farm,  section  16,  showb  that  the  gravel  is  there  more 
than  forty  feet  in  depth.  These  gravels  are  all  referred  to  the 
close  of  the  Wisconsin  period.  They  are,  when  seen  in  section, 
fresh-looking,  only  slightly  coherent  or  compacted,  non-ferrugin- 
ous ;  they  contain  many  rotten  bowlders,  but  these  chiefly  of  the 
coarse-grained  type  whose  elements  were  originally  less  inti- 
mately united.  Water-laid  beds  of  sand  with  abundant  cross- 
bedding  alternate  with  the  layers  of  coarser  gravel. 

Finally,  it  is  interesting  in  this  connection  to  note  the  varying 
thickness  of  the  surface  drift.  No  doubt  if  all  the  data  were  in 
it  Would  easily  appear  that  the  Wisconsin  clay  here  as  farther 
south,  is  relatively  very  thin ;  simply  a  veneer.  No  wonder  old 
channels  are  sometimes  all  unfilled.  In  Kossuth  county  the  blue 
clay  is  encountered  often  at  a  depth  of  five  or  six  feet.  About  Ban- 
croft the  pebbly  clay  is  said  to  be  from  ten  to  fifteen  feet  in  thick- 
ness. In  eastern  Winnebago  from  six  to  thirty  feet  and  so  for 
other  localities.  At  Algona  the  reported  thickness  is  ten  feet, 
along  the  river  it  is  certainly  more;  at  Whittemore  ten  to  fifteen 
feet  is  the  thickness  reported.  The  knobs  and  mounds  previously 
described  where  the  deposit  would  seem  much  thicker,  are  simply 
material  undistributed  resting  on  the  old  topography  which, 
where  the  distribution  of  Wisconsin  material  has  been  accom- 
plished, is  often  but  slightly  changed  by  the  presence  of  this  lat- 
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est  surface  sheet.  Furthermore,  if  the  testimony  of  farmers  is 
reliable,  and  it  probably  ie,  there  are  as  already  stated  many 
places  where  blue  clay  lies  immediately  under  the  black  surface 
soil.  In  these  places  the  newer  drift  is  of  course  lacking  alto- 
gether. These  localitite  are  generally  low,  and  represent,  prob- 
ably, pre- Wisconsin  depressions. 

Soils. 

The  soils  of  these  counties  are  in  all  respects  similar  to  those 
of  the  neighboring  counties  west.  Over  all  is  the  same 
rich  mantle  of  black  surface  soil  of  apparently  inexhaustible  fer- 
tility. In  the  region  affected  by  the  knobby  drift  as  described 
in  the  pages  preceding,  there  are  hilltops  from,  which  the  black 
soil  has  been  largely  removed  by  erosion.  These  pass  for  gravel 
hilltops;  but  in  the  great  majority  of  cases  there  is  really  very 
little  gravel  or  sand.  Even  Pilot  Knob,  although  at  the  summit 
covered  with  small  stones  and  pebbles  is  not  a  gravel  mound; 
the  real  gravel  deposit  appears  on  the  hill  immediately  west. 
Nevertheless  there  is  some  difference  in  the  soils  of  these  different 
counties  when  studied  in  detail.  We  have  the  soil  of  the  upland 
and  the  soil  of  the  plain,  both  resting  on  a  subsoil  of  i)ebbly  clay. 
This  includes  by  far  the  greater  part  of  the  entire  area  under 
consideration.  In  the  lowlands  these  black  soils  are  often  verj^ 
deep;  reported  sometimes  as  much  as  four  feet;  on  the  hillsides 
much  thinner,  as  would  naturally  be  the  case,  and  often  more 
serviceable  for  immediate  cultivation,  since  the  flats  contain  at 
times  considerable  peat,  or  at  least  soil  in  which  organic  matter 
lias  only  partially  decayed.  This  seems  to  be  nearly  everywhere 
the  situation  where  marshes  of  considerable  extent  have  been 
lately  drained.  Such  soils  are  really  suffering  from  excess  of 
richness,  and  improve  rapidly  under  the  ventilation  they  receive 
in  cultivation.  Sometimes  tliese  lowland  soils  lie  immediately 
upon  the  blue  clay  and  these  suffer  from  lack  of  subsoil  drainage 
but  these  cases  are  few.  In  not  a  few  cases  in  the  knobby  drift 
region  there  is  considerable  sand  in  the  subsoil  and  sometimes  at 
the  surface.  This  is  noticeable  in  the  eastern  townships  of  Win- 
nebago and  Hancock  counties  particularly.  There  is  a  similar 
condition  along  the  east  side  of  Union  slough  in  Kossuth  county. 
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Where  the  sand  is  not  in  excess  the  soils  are  improved  by  its 
presence.  In  German  township  of  Hancock  county  are  some  of 
the  finest  farms  to  be  seen  anywhere  and  the  proportion  of  sand 
is  much  greater  than  in  most  other  localities. 

The  farms  along  Lime  creek  have  not  infrequently  a  sand  or 
gravel  subsoil;  along  the  Des  Moines  south  of  Irvington  there  is 
some  alluvial  soil  resting  on  beds  of  gravel,  and  in  a  few  other 
localities  a  gravel  subsoil  has  been  reported  or  observed,  but  in 
general  the  soils  of  these  counties  are  very  uniform,  rich,  and 
unfailingly  productive.  They  are  almost  always  so  level  that 
they  will  never  lose  by  erosion,  and  as  the  drainage  of  the  county 
becomes  more  and  more  perfect  the  whole  country  will  gradu- 
ally assume  the  appearance  of  a  well  tilled  garden. 

ECONOMIC  PRODUCTS. 

There  is  no  petroleum,  no  coal,  no  lime  rock  in  these  counties^ 
The  limestone  is  buried  under  drift  and  from  forty  to  one  hun- 
dred and  twenty  feet  below  the  surface ;  no  coal  has  been  reported 
by  those  who  year  by  year  send  down  their  drills  in  every  part 
of  the  country,  and  petroleum  has  seemingly  not  yet  been  thought 
of.  The  discovery  of  either  coal  or  petroleum  in  this  part  of 
lowta  is,  as  we  know,  unlikely ;  the  whole  region  is  north  of  the 
known  limits  of  the  Iowa  coal  field. 

Notwithstanding  the  lack  of  stratified  rock  in  place  the  coun- 
try is  liberally  supplied  with  building  rock,  suitable  for  foun- 
dation purposes,  at  least,  in  form  of  surface  bowlders.  These 
when  large  are  broken  iup  in  the  field.  In  any  case  the  granite 
is  sold  by  the  cord.  Fourteen  tons  are  reckoned  a  cord,  and  in 
Kossuth  county  the  price  is  quoted  at  ten  dollars  per  cord.  The 
farmer  commonly  finds  on  his  owli  premises  suflScient  stone  for 
all  his  needs.  Sometimes,  indeed,  the  bowlders  are  far  too  num- 
erous. Hundreds  lie  along  the  fence  rows.  One  farmer  reported 
three  hundred  on  forty  acres,  all  taken  to  the  fence-line  in  » 
single  season. 

There  are  for  present  report  no  exposures  of  valuable  clays. 
Nevertheless,  the  manufacture  of  brick  and  tile  has  in  many 
places  been  attempted.  Mr.  Pitkin  has  spent  large  sums  of  money 
and  much  time  near  Forest  City  in  an  attempt  to  manufacture 
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briok  and  tile.  The  clay  is  said  to  cap  blue  clay.  The  worked 
bed  is  five  or  six  feet  thick  free  from  pebbles  or  other  objection- 
able features  and  the  j^roduct  as  shown  by  the  specimens  on  the 
ground  is  certainly  good;  better  than  any  so  far  noted  on  the 
Wisconsin  drift  region.  Nevertheless,  for  some  reason  the  en- 
terprise seems  to  have  been  abandoned.  The  deposit  is  appar- 
ently an  aqueous  sediment,  resembles  loess.  At  Klemme,  or  near  it, 
tile  of  fair  quality  is  manufactured  in  limited  amount  Near 
the  river  at  Algona  brick  is  manufactured  from  Wisconsin  day 
rather  unusually  free  from  pebble®.  The  brick  and  tile,  how- 
ever, show  the  usual  fault;  the  lime  pebbles  that  are  present 
slack  after  burning  and  so  make  trouble.  The  brick  are  very  soft, 
suitable  it  is  said  for  inside  work  only. 

At  Britt,  the  Interstate  Drainage  Company  began  operations 
about  July  15,  1902,  and  are  even  now  (October)  enlarging  the 
plant  They  have  burned  about  50,000  brick  of  fair  quality  and 
60,000  tile.  The  demand,  so  far,  is  fax*  in  excess  of  the  supply. 
The  material  is  apparently  Wisconsin  clay  of  superior  quality. 
The  fuel  is  coal. 

The  gravel  which  occurs  in  great  abundance  here  and  there 
should  not  be  overlooked  in  a  resume  such  as  this.  This  gravel 
anakes  the  best  of  roads.  In  many  parts  of  northern  Iowa  its 
value  is  appreciated  to  such  extent  that  miles  of  country  roads 
are  paved  with  it  Unfortunately  for  road-making,  gravel  though 
widely  is  not  evenly  distributed  in  nature.  It  occurs  sometimes 
where  not  needed,  and  again  cannot  be  procured  conveniently 
where  needed  most.  All  the  marshes  of  Kossuth  and  Hancock 
counties  have  been  bridged  by  so  called  grades;  these  are  often 
of  gravel  and  excellent.  They  must  be  made  of  something  other 
than  ordinary  surface  soil  if  they  are  to  be  permanent. 

Water  Supply. 

The  running  waters  of  the  counties  here  described  are  of  con- 
siderable value.  In  Kossuth  county  particularly,  good  peren- 
nial streams  are  w^ell  distributed.  The  Des  Moines  river  waters 
a  large  section  of  the  country  while  its  several  tributaries,  the 
Buffalo,  Black  Cat,  Plum  creek  and  Lott's  creek  are  far-reaching 
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and  presumably  perennial  streams.  In  Winnebago  county  Lime 
creek  is  the  only  stream  of  value  or  importance.  It  is  probable 
that  the  county  ditch  may  be  of  service  not  only  in  draining  wide- 
extended  marshes  but  also  as  a  water  supply  for  many  farms  in 
the  township  by  which  it  passes.  In  Hancock  county  we  have 
the  two  branches  of  the  lowfe  river,  both  valuable  streams  espec- 
ially in  the  southern  townships.  The  Boone  river  also  affords 
water  for  stock  in  the  southwest  part  of  this  meadow  county. 
There  are  besides  in  all  these  counties  abundant  pools  and  small 
lakes  that  are  often  serviceable  in  the  care  of  stock.  Some  have 
been  artificially  deepened  and  made  permanent. 

By  far  the  greater  numiber  of  farms  have  deep  wells  and  wind- 
pumps,  with  reservoirs  of  various  sorts.  Water  is  obtainable  at 
varying  depths.  Many  of  the  wells  seem  to  yield  abundant 
water  above  the  blue  clay  at  the  surprisingly  shallow  depth  of 
fifteen  to  twenty  feet  In  Mount  Valley  township  wells  eighty 
feet  deep  have  water  within  ten  feet  of  the  surface.  Such  go 
through  the  blue  clay  but  not  to  rock.  Forest  City  has  a  well 
located  near  Lime  creek,  north  of  the  city  and  three  hundred  and 
two  feet  deep;  the  well  is  flowing  at  the  level  of  the  creek  or  a 
few  feet  higher.  In  the  eastern  part  of  our  territory  rock  is 
reached  at  about  120  to  130  feet,  occasionally  much  less,  and  the 
wells  enter  the  rock  for  varying  depths.  In  Kossuth  county, 
northern  half,  the  rock  seems  to  be  not  more  than  seventy-five  to 
one  hundred  feet  below  the  surface  and  at  Gennania  a  flowing 
well  is  found  only  sixty  feet  deep.  Other  flowing  wells  are  found 
about  Ledyard  and  indeed  on  all  the  farms  from  Germania  north 
and  west.  Flowing  wells  are  common  also  along  the  Boone  val- 
ley in  Hancock  county.  So  far  as  could  be  learned  they  are  sim- 
ply drift  artesian  wells;  they  do  not  in  the  cases  reported  reach 
the  underlying  limestone  of  the  country  at  all  and  owe  their 
peculiarity  to  the  local  topography,  the  intake  being  the  morainio 
fields  of  southern  Minnesota,  of  Winnebago  and  Kossuth  or  pos- 
sibly of  northern  Hancock  county.  At  Gamer  the  town  well  is 
one  hundred  and  twenty  feet  deeji;  about  twent}''  feet  to  blue 
clay  which  is  here  some  forty  feet  in  thickness;  *^ gravel  and 
rock"  make  up  the  remaining  sixty  feet.  The  well  at  the  Mil- 
waukee railway  station  at  Britt  has  been  already  quoted  in  theso 
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reports.*  This  is  over  five  hnndlred  feet  deep,  but  the  town  •well 
a  mile  away  finds  abundant  water  at  one  hundred  and  twenty- 
five  feet,  ten  of  which  are  in  limestone.  ' 

In  general  over  the  whole  area  hei^e  described  water  is  reached 
at  or  near  the  surface  of  the  limestone.  The  average  depth  of  wells 
is  not  far  from  one  hundred  feet  and  the  supply  at  this  d^pth 
for  all  ordinary  purposes  is  apparently  inexhaustible.  The  water 
is  generally  reported  good.  Less  complaint  than  usual  is  heard 
of  bad  water  under  the  blue  clay  caused  by  slowly  decomposing 
organic  stuff.  The  deeper  well  at  Britt,  mentioned  above,  affords 
water  which  contains  in  solution  an  inconvenient  amount  of  solids 
which  tend  to  form  incnwstations  and  so  choke  up  pipes. 
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JPOHESTRY  NOTES  FOR  KOSSUTH,  WINNEBAGO  AND 
HANCOCK  COUNTIES. 

The  forest  area  in  these  counties  was  originally,  and  has  been 
until  recently,  rather  larger  than  usual  in  prairie  counties.  Es- 
j)ecially  is  this  true  of  Hancock  and  .Winnebago.  In  the  latter 
the  greater  part  of  the  eastern  townships  was  originally  covered 
with  forest  trees  and  until  comparatively  recent  years  the  same 
region  has  been  more  densely  and  extensively  occupied  by  young 
native  forest,  the  so-called  **  second-growth. "  The  same  thing 
was  true  of  a  large  part  of  Forest  township  and  of  Newton  town- 
ship, and  there  was  native  wood  about  Lake  Harmon,  and  i>er- 
hapsi  one  or  two  other  native  groves  were  known  to  the  pioneer. 
In  Hancock  county  Ellington  township,  with  the  southern  slopes 

•See  of  this  series  Vol.  VI,  p.  Ifl6. 
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of  Pilot  Knob  and  the  banks  of  Lime  creek,  were  ail  extensively 
wooded  country  and  native  groves  were  f oimd  all  along  the  Iowa 
river  in  Avery  township  and  about  Amsterdam.  There  is  still 
a  native  grove  at  Twin  lakes  and  one  in  section  11  of  the  town- 
ship of  the  same  name,  and  another  at  Crystal  lake.  The  latter 
is  now  in  part  a  park.  In  Kossuth  county  the  native  woods  were 
limited  pretty  nearly  to  the  valley  and  flood  plain  of  the  Des. 
Moines  river,  particularly  below  the  point  where  the  tributaries, 
Black  Cat  and  Plum  creek,  enter.  The  list  of  spedeei  represented 
in  these  native  forest  plantations  includes  the  names  of  nearly 
all  the  arboreal  forms  found  in  eastern  or  especially  northeastern 
Iowa.  Along  the  Des  Moines  about  Algona  and  along  Lime  creek 
east  of  Forest  City  and  especially  on  Pilot  Knob  and  on  its  at- 
tendant hills  genuine  forest  conditions  prevail.  Undisturbed  by 
fires  the  trees  make  luxuriant  growth  and  add  a  beauty  to  these 
prairie  landscapes  otherwise  unattainable.  The  presence  of 
Pilot  Knob  and  its  wooded  sides,  seen  like  a  blue  wall 
from  all  the  surrounding  country  for  miles,  has  to  this  country 
and  for  it  a  real  commercial  value,  and  if  the  people  who  are  so 
fortunate  as  to  own  farms  and  homes  in  the  neighborhood  of 
this  piece  of  natural  attractiveness  are  wise  they  will  never  suffer 
its  beauty  to  be  destroyed.  Steps  should  be  taken  to  make  Pilot 
Knob  with  its  woods,  its  lake  and  its  meadows,  its  exhilarating 
lieights,  a  park  to  be  for  the  delight  and  enjoyment  of  the  people 
for  all  time.  Algona  has  also  great  natural  advantages.  Her 
wooded  banks  and  woodland  drives  along  the  river  and  across  it, 
attended  by  the  rich  variety  of  native  groves,  are  certainly  sur- 
prisingly beautiful  and  should  belong  to  the  city,  some  of  them 
at  least,  for  the  benefit  of  coming  generations. 

Tree-planting  in  these  counties  has  proceeded  much  as  else- 
where for  the  purposes  of  shelter  and  fuel.  Every  fanner  has 
a  grove,  and  some  of  these  are  of  fine  proportions  and  show  beau- 
tiful trees.  Here  as  in  other  Iowa  counties  the  species  planted 
'have  been  selected  as  rapidly  growing,  rather  than  for  value  when 
grown.  Nevertheless  there  are  [plantations  sufficient  to  show 
tliat  all  sorts  of  trees  common  to  our  northern  nurseries  may  be 
successfully  reared  along  these  northern  borders.  Mr.  Efugene 
Secor  has  hundred's  of  conifers  to  show  how*  easily  the  farmers 
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of  this  region  may  provide  themselves  with  timber,  even  for 
Imuber.  The  primeval  trees  in  all  the  forests  named  have  nearly 
all  long  since  disappeared.  They  were  the  product  of  centuries 
and  were  ripe  for  the  harvest.  Time  has  not  elapsed  for  their 
successors  to  attain  much  value;  but  there  is  no  doubt  that  the 
most  valuable  hard-wood  trees  of  our  northern  forests  will  yet 
again  find  place  upon  the  hills  and  by  the  streams  of  the  coun- 
ties to  which  they  are  native  and  in  wMch  history  shows  that 
they  findl  congenial  skies  and  soil.  The  observed  species  in  the 
several  localities  discussed  are  named  in  the  following  list: 

TUia  americana  L.  Linden.    Basswood. 

The  linden  is  a  valuable  and  beautiful  tree  not  uncommon  in 
all  our  northern  forests.  In  Iowa  the  species  is  usually  encoun- 
tered on  the  hillside  not  far  above  the  flood  plain  of  some  per- 
ennial stream.  It  is  common  along  the  Des  Moines  about  Algona, 
along  Lime  creek  about  Pilot  Knob,  nor  is  it  lacking  to  any  of 
the  native  groves  mentioned  in  the  paragraphs  immediately  pre- 
ceding. The  stooling  habit  of  the  tree  which  often  gives  us  two 
or  three  or  more  distinct  trunks  from  the  same  stump  prevents 
the  otherwise  rapid  development  of  a  large  tree.  Nevertheless 
basswood  logs  and  lumber  were  familiar  to  the  pioneer,  and  an 
occasional  tnmk  two  or  three  feet  in  thickness  is  yet  to  be  found 
in  our  native  woods.  The  tree  grows  well  when  transplanted,  is 
clean  and  beautiful  and  fonns  a  dense  delightful  shade.-  The 
bloom  in  midsummer  is  pleasantly  fragrant,  the  delight  of  the 
bees  and  the  source  of  our  very  finest  variety  of  honey. 

Celastrus  scandens  L.  Climbing  Bittersweet. 

This  singular  forest  i>lant  is  not  infrequent  in  all  the  groves 
of  northern  Iowa.  Its  peculiar  liabit  attracts  the  attention  of 
the  woodman  who  very  frequently  comes  upon  a  young  elm  or 
even  hickoiy  entirely  smothered,  its  trunk  fairly  strangled  by 
the  twining  coils  of  its  too  affectionate  neighbor.  The  effort 
of  the  afflicted  tree  to  send  down  nutrition  to  its  roots  results 
sometimes  in  a  curious  swelling  ridge  which  like  a  giant  cork- 
screw affects  the  tree-tinink  from  bottom  to  top  and  remains  a 
permanent  disfigurement  even  after  the  assailant  has  entirely 
disappeared.     Nevertheless  the  vine  is  a  favorite  cover  for  un- 
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sightly  fences,  and  is  sometimes  planted  for  an  arbor.  In  any 
situation  its  bursting,  but  long  enduring,  scarlet  fruit  is  one  of 
the  cheerful  sights  of  our  western  autumn. 

Ceanothus  americanus  L.  Jersey  Tea.    Red-root. 

This  little  shrubby  bush  well  deserves  attention  and  preser- 
vation on  account  of  its  abundant  and  handsome  bloom.  It  is 
found  on  the  borders  of  dry  woodlands  everywhere  and  in  sum- 
mer contributes  its  share  to  the  beauty  of  Pilot  Knob.  As  an 
ornamental  shrub  certainly  one  of  the  finest  native  to  our  prairie 
state  and  worth  a  dozen  imported  but  less  hardy  species. 

Vitis  riparia  Miohx.    Wild  grape. 

This  is  the  familiar  wild  grape  of  all  the  west.  Native  by  every 
stream),  climbing  in  every  thicket,  it  quickly  avails  itself  of  the 
shelter  afforded  by  planted  groves  and"  may  be  found  on  many 
a  farm  removed  from  its  original  habitat.  The  fruit,  ripe  after 
frost,  is  still  much  sought  by  those  with  whom  still  lingers 
the  clean  pure  taste  of  the  pioneer,  the  bloom  is  fragrant  to  an 
unusual  degree,  and  hardy  vigorous  growth  commends  it  as  a 
valuable  climbing  shrub  eminently  fitted  for  the  covering  of 
objects  unsightly  in  town  or  field. 

Ampelopsis  quinquefolia  Michx.  Five-leaved  Ivy.  Virginia 
Creeper. 

The  Virginia  creeper  is  a  universal  favorite  as  a  cover  for 
the  masonry  of  walls,  for  fences,  etc.  It  has  a  great  advantage 
over  the  grape  in  that  its  tendrils  adapt  themselves  to  various 
supports.  They  know  well  the  roughened  or  weathered  surface 
of  various  objects  and  spread  adhering-  disks  against  the  face 
of  a  tree  stump  or  quarry  wall.  Hence  the  name  five-ieaved 
ivy.  The  plant  very  well  supplies  in  this  country  the  plae^  of 
the  English  ivy.  It  will  cover  a  stone  building  from  top  to  bot- 
tom and  adheres  well  to  brick  if  not  too  much  exix)sed  to  our 
burning  summer  sun.  Five-leaved  ivy  bears  no  relation  to  the 
so-called  * '  Poison  ivy, "  is  by  no  means  poisonous.  The  foliage 
in  autmun  turns  brilliant  red,  conspicuous  in  the  autumn  thicket. 
The  fruit  resembles  that  of  the  grape,  but  the  cluster  is  open  and 
the  dark  blue  berries  are  few. 
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Acer  siwcharimtm  L.  Soft  Maple.    White  Maple. 

The  soft  maple  is  the  most  familiar  trec^  in  Iowa.  Universally 
planted  on  every  prairie  farm  it  is  at  once  ornament  and  shelter 
and  has  transformed  the  landscape  of  the  State.  The  tree  is 
of  surprisingly  rapid  growth,  its  wood  makes  excellent  fuel  and 
a  quality  of  lumber  much  esteemed ,  especially  in  furniture- 
making.  On  the  other  hand  the  wo<jd  of  the  soft  maple  is  brittle 
and  in  our  latitude  and  climate  the  long  branches  not  infrequently 
fall  a  prey  to  the  sweeping  wind  or  the  gusts  of  summer  fctorms. 
This  is  A.  dasycarpum  Ehr.  of  the  books. 

A.  saccharum  L.     Sugar  Maple.     Hard  Maple. 

In  this  part  of  Iowa  the  sugar  maple  is  rare.  It  was  observed 
and  noted  in  Forest  township,  Winnebago  county  only.  The  tree 
probably  occurs  in  other  places  along  Lime  creek.  It  was  not  dis- 
covered in  Hancock  county  nor  in  the  valley  of  the  Des  Moines 
although  to  have  been  expected.  The  species  is  too  well  known 
to  require  much  comment.  It  grows  much  more  slowly  than  its 
relative  the  soft  maple,  but  makes  much  better  wood.  When 
planted  as  an  ornamental  or  shade  tree  the  drought  of  an  ordi^ 
nary  Iowa  summer  destroys  its  upper  twigs  and  branches,  so  that 
all  such  trees  sooner  or  later  disappoint  us,  dying  at  the  top. 
It  seems  probable  that  in  any  situation  trees  grown  from  seed 
do  better  than  those  whose  roots  have  been  disturbed  and  injured 
in  the  process  of  transplanting.  In  Iowa  there  were  once  large 
trees  of  this  species,  even  groves  of  them,  '* sugar  orchards," 
but  these  were  uniformly  found  by  rocky  perennial  streams,  and 
in  the  shelter  of  other  forest  trees  where  the  drought  was  less 
severe.  This  tree  is  called  A.  sa-ccharinum  L.  in  the  more  famil- 
iar literature  of  this  subject. 

Acer  negundo  L.    Ash-leaved  Maple.    Box  Elder. 

The  box  elder  is  our  universal  tree.  Native  in  all  the  eastern 
portion  of  the  State  it  is  now  planted  and  naturalized  in  every 
county.  As  a  shelter  tree  it  rivals  the  willow  and  soft  maple, 
especially  in  rapid  growth,  and  makes  a  denser  shadfe  than  either. 
Its  habit  is  how'ever  very  different  from  that  of  other  maples. 
It  tends  to  make  crooked  branches  and  a  round  dense  head.  Even 
in  thick  groves  the  trunk  may  rarely  be  induced  to  grow  straight. 
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The  tree  is  nevertheless  valuable  in  every  way,  for  shade,  shelter, 
and  fuel. 

Rhiis  typhina  L.    Velvet  Sumac.    Staghom  Sumac. 

A  beautiful  shrub  is  this;  sometimes  rising  to  the  stature  of 
a  small  tree,  twenty  to  twenty-five  feet  in  height;  rare  in  northern 
Iowa.  The  only  specimens  noted  were  in  the  vicinity  of  Lake 
Mills,  Winnebago  county.  Here  it  occurs  commonly  by  the  road- 
side. It  is  a  most  handsome  ornamental  hardy  plant  It  tends 
to  form  a  thicket  but  is  easily  kept  in  check.  The  curious 
^'velvet''  of  the  young  shoots  and  branches  is  unique  in  our 
forests ;  the  leaves  are  soft  and  of  delicate  tints  of  green,  changing 
in  autumn ;  the  flower  clusters  are  large  and  showy  and  the  fruit 
crimson  and  brilliant.  We  have  nothing  better  that  will  endure 
our  climate,  probably  nothing  as  good.  It  is  not  poisonous,  as 
some  are  wont  to  believe,  although  the  fruit  is  inedible,  except 
by  birds,  and  the  peculiar  resin  of  the  branches  protects  the 
shrubs  generally  from  cattle  and  horses. 

The  species  ranges  along  our  northern  border  and  in  eastern 
Iowa  has  been  noted  as  far  south  as  Monticello  in  Jones  county. 

Rhus  glabra.    Sumac.    Smooth  Sumac. 

This  is  the  species  commonb  throughout  the  State.  Even  in 
prairie  counties  where  natural  groves  are  none  or  few,  the  trav- 
eller often  encounters  on  some  dry  liillside  a  plantation  of  sumac 
bushes,  sometimes  no  more  than  one  foot  high.  On  the  other  hand 
in  the  eastern  counties  the  sumac  is  sometimes  a  small  tree  fifteen 
or  twenty  feet  high.  Like  the  preceding  it  is  one  of  our  own  orna- 
mental shrubs  and  deserves  well  of  every  lowan. 

Rhus  toxicodendron  L.  Poison  Ivy ;  Three-leaved  Ivy ;  Poison- 
vine;  Poison  Oak;  Poison  Sumac. 

Resembling  the  preceding  in  none  of  its  more  obvious  charac- 
ters the  poison  sumac  is  yet  able  to  lend  its  own  ill  repute  to  all 
other  members  of  the  family.  This  plant  is  poisonous,  at  least 
for  many  people  though  not  for  all.  It  is  sometimes  confused 
with  the  Virginia  Creeper,  because  like  that  species  it  sometimes 
ajBoends  tall  trees,  rooting  fast  to  the  bark  of  its  host  In  Iowa 
the  three-leaved  foliage    is  a  sure    distinction  in  the  growing 
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season ;  later  the  white  dry  fruAi  will  readily  separate  it  not  only 
from  other  species  of  sumao,  but  also  from  the  purple  fruited 
innocent  Ampelopsis. 

Rohinia  pseudacacia  L.    Locust.    Black  Locust. 

Probably  indigenous  to  southeastern  Iowa,  the  locust  tree  has 
been  very  widely  planted'.  For  some  time  less  popular  because 
of  the  depredations  of  tie  locust-borer,  it  is  now  coming  again 
into  favor,  being  less  afl9icted.  One  of  our  most  valuable  hard- 
w*ood  trees;  well  worth  planting  for  all  purposes.  Its  flowers 
are  beautiful  and  odorous;  its  foliage  handsome  and  its  wood 
heavy,  strong,  of  unusual  durability  when  in  contact  witli  the 
soil,  hence  ofl  highest  value  for  posts. 

SpircBci  salici folia  L.    Wild  Meadowsweet. 

This  is  a  beautiful  little  shrub  with  wand-like  stems  and 
branches  tipped  in  summer  with  abundaiit^  spicate,  i&nowy 
bloom.     Common  in  moist  shades,  on  the  flanks  of  Pilot  Knob- 

Pyriis  iowensis  Wood.    Crab-apple.    Wild  Crab. 

The  crab-tree  is  common  over  all  the'  prairie  country  forming 
small  thickets  around  the  bcfrders  of  native  groves  and  even  on 
cool  hillsides  where  there  are  no  other  forest  trees.  Its  beautiful 
odorous  bloom,  the  very  glory  of  our  early  summer,  should  ren- 
der this  tree  a  favorite  with  our  whole  people  and  save  it  from 
threatened  destruction.  The  agents  of  the  nurseries  oflFer  our 
Iowa  farmers  long  lists  of  cultivated  and  imported  novelties  in  the 
ivety  of  flowering  shrubs,  but  not  one  of  them  all  will  for  a  moment 
compare  with  the  modest  splendor  of  our  Iowa  crab,  which  eveiy- 
body  may  have  for  the  planting.  It  will  bear  transplanting 
and  grow  anywhere. 

CratwfjHH  mollis  T.  and  G. ;  C  crus-gaUi  L. ;  C.  punctata  Jacq. ; 
C.  tomentosa  L.  Hawthorn;  White  thorn;  Thorn-apple. 

These  are  first  cousins  of  the  crab  apple,  often,  indeed  gener- 
ally, growing  with  the  more  familiar  species,  especially  in  wood 
borders  or  where  tlie  forest  meets  the  prairie.  Common  on 
Pilot  Knob,  along  Lime  creek,  and  in  the  groves  of  Hancock 
county.  Their  white  flowers  contrast  pleasantly  with  the  rosy 
infloresence  of  the  crab,  although  some  are  inclined  to  be  mal- 
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odorous.  The  first  species  is  our  favorite  red  haw  whose  large 
scarlet  apples  enrich  the  fence  rows  in  autumn  where  the  zeal 
of  the  road  commissioner  has  not  yet  found  the  tree,  or  the 
barbarous  vandalism  of  the  '^in^men^'  has  not  yet  mutilated 
and  destroyed  it 

Amekmchier  rotundifolia  T.  and  G.  Shad^bush;  Service- 
berry  ;  June-berry. 

Recognizable  on  all  our  northern  country  by  its  fine  snow- 
white  blossoms  covering  the  bush  or  tree  in  early  spring.  It 
blooms  before  the  wild  plum,  before  the  leaves  are  out  on  any- 
thing— save  perhaps  the  vangtuard'  willows, — and  marks  the 
whole  hillside  with  its  white  banners  signalling  the  on-coming 
of  the  spring.  The  fruit  is  small  but  edible  and  in  favor  with 
many  people  so  that  the  tree  is  often  cultivated  in  country 
gardens.  In  habit  and  foliage  variable,  there  is  after  all  perhaps 
but  a  single  species,  the  old  A.  canadensis  L  of  which  our  round- 
leaved  forms  are  but  the  western  variety.  Along  the  banks  of 
the  Etes  Moines ;  on  Pilot  Knob. 

Gornus  circinata  L'Her;  C.  pamAcidata  L'Her.  Cornel-bush; 
Dogwood. 

These  are  handsome  ornamental  shrubs.  They  bear  white 
flat  clusters  of  flowers  in  early  summer  and  showy,  round  or 
flattened,  berries  in  fall ;  the  fruit  in  the  first  named  blue,  in  the 
second  white.  C.  circinata  endures  dry  rocky  places,  even  clings 
to  rocky  ledges;  C.  pamcvlaia  loves  the  river  brink.  Found  n 
the  thickets  along  wooded  banks  in  all  three  counties. 

Samhucus  canadensis  L.    Elder-bush.    Elder-berry. 

The  elder-berry  is  a  plant  everywhere  familiar,  often  planted 
in  gardens  for  the  sake  of  its  fruit,  but  now  springing  up  as 
if  native  in  the  rich  soil  of  farm-land  and  meadow.  The  abund- 
ant black-purple  fruit  is  esteemed  as  fruit,  and  is  certainly 
valuable  as  food  for  birds. 

Viburnum  lentago  L.;  V.  prunifolium  L. ;  V.  dentatum  L. 
Sheep^berry;  Black  haw;  Arrow- wood. 

.  Of  the  three  Viburnums  in  this  part  of  Iowa  the  first  and 
last  as  here  named  are  found  in  wet  places  or  by  streams;  the 
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black  haw  is  a  small  slender  tree  everywhere  in  native  graves. 
V.  dentatum  on  Pilot  Knob  only. 

Sjftnphoricarpus  occiderttalis  Hook.     Wolf-berry. 

A  handsome  shrub  is  this,  native  to  all  the  northern  counties  ; 
abimdant  about  the  margins  of  the  groves  and  so  suggesting  its 
proper  use  in  plantations.  The  elegant  little  flowers  are  showy 
even  in  the  flowery  month  of  June,  and  the  white  fruit  is  in 
pleasing  contrast  to  the  dull  tints  of  the  autumn  field. 

Cephalanthus  occidentals  L.     Button-bush. 
A  conunon  shrub  in  wet  places  on  Pilot  Knob;  with  handsome 
flowers,  in  its  favorite  habitat,  but  of  little  general  use. 

Fraxitms  americana  L.  White  Ash. 

The  ajsh  is  a  tree  of  wide  range  and  of  imiveraal  usefulness. 
Its  wood  is  excellent  for  lumber  and  makes  fine  fuel.  As  a 
shade  tree  it  is  clean  and  beautiful  and  of  reasonably  rapid 
growth.  No  other  tree  except  the  cottonwood  and  the  maple  is 
so  extensively  planted  on  prairie  farms;  nevertheless  its  value 
is  hardly  yet  appreciated. 

Fraxinus  viridis  Michx.     Green  Ash. 

This  species  is  not  rare  along  wooded  water  courses  and  differs 
decidedly  from  the  commonly  planted  species.  It  is  a  small, 
irregularly  branched,  but  vigorous  tree,  valuable  only  for  the 
excellent  fuel  it  affords. 

Ulmus  americana  L.    American  Elm.    White  Elm. 

The  white  elm  is  the  street-tree  of  North  America.  For  plant- 
ing in  rows  along  our  village  and  city  streets  nothing  can  match 
this.  The  tree  is  hardy,  enduring  all  sorts  of  soil  and  much  mis- 
treatment; it  grows  rapidly  and  in  selected  individuals  with  a 
symmetry  unequalled.  Nor  only  along  the  highway  and  street 
is  the  elm  a  thing  of  beauty;  out  in  tlie  open  field  or  by  the 
prairie  stream  a  single  lone  elm  may  often  be  noticed  whose  rich 
umbrageous  foliage  in  summer,  and  elegant  plumy  outline  in 
winter,  are  simply  the  crowing  beauty  of  the  landscape. 

The  elm'  is  a  rapid  grower,  makes  first  ola^s  lumber  for  many 
uses  about  the  farm,  and  is  valuable  at  last  in  no  small  degree 
as  a  source  of  excellent  fuel. 


FORESTRY  NOTES.  119 

XJlmus  fulva  Michx.    Red  Elm.    Slippery  Elm. 

The  sUppery  elm  occures  rarely  in  the  groves  of  the  counties 
we  describe.  It  is  dk  much  less  valuable  tree  than  the  preceding, 
although  its  wood  is  tough,  unsplittable,  highly  prized  for  some 
purposes.  The  tree  is  easily  distinguished,  by  its  extremely 
harsh,  large  and  rough-surfaced  leaves,  the  stiff  rigid  branching, 
an-d  the  large-  clustered,  almost  orbicular,  rough  and  venulose 
fruit. 

Celtis  occidentalis  L.    Hackberry. 

Fine  specimens  of  this  tree  were  noticed  near  the  old  town  of 
Amsterdam,  and  others  in  Winnebago  county.  It  is  indigenous 
to  our  northern  counties  generally  and  a  delightful  tree.  It 
grows  more  slowly  than  its  cousin,  the  elm,  but  makes  a  much 
denser  shade.  The  top  when  left  to  itself  is  shapely,  the  foliage 
pale  green.  There  is  no  finer  ornamental  tree  and  while  its  wood 
is  less  desirable  for  lumber  it  makes  the  best  of  fuel. 

Juglans  nigra  L.    Black  Walnut.    Walnut. 

This  is  doubtless,  commercially  considered,  the  most  valuable 
species  in  the  whole  list.  Native  to  eastern  Iowa,  it  grows  well 
in  stream  valleys  and  on  prairie  plantations  as  far  as  the  Mis- 
souri river.  Tlie  walnut  grove  at  AVhiting  in  Monona  county  is 
famous  the  countrj'^  over  and  there  is  another  in  Sac  almost  a^ 
fine.  These  are  both  the  result  of  careful  planting.  In  Hancock 
county  there  are  fine  thrifty  trees  in  the  groves  around  the  old 
court-house  at  Concord.  But  the  species  is  also  represented  by 
native  trees  at  Amsterdam  and  on  the  land  of  Mr.  Hathaway 
in  Twin  Lakes  township.  The  pioneers  seem  to  have  found  ele- 
gant walnut  trees  in  Wnnebago  county  and  there  is  still  near 
Forest  City,  a  walnut  stump  in  witness  more  than  four  feet  across 
the  top.  There  is  therefore  no  reason  why  farmers  in  these 
counties  may  not  raise  walnut  timber.  The  crop  is  somewhat 
slow,  but  if  cared  for  is  much  more  rapid  than  .some  people  sup- 
XX>se.  There  are  many  native  walnuts  along  the  Des  Moines 
in  Kossuth  county  but  the  larger  trees  have  been  long  since 
cut  away. 
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Juglam-s  cinerea  L.  Butter-nut.  White  Walnut 
The  butter-nut  was  noted  in  eastern  Hancock  and  in  Winnebago. 
This  must  be  near  the  western  limit  of  the  species  in  this  lati- 
tude. Not  without  value,  the  tree  is  nevertheless  nothing  like 
so  worthy  of  cultivation  as  is  the  walnut  It  is  by  nature  a 
smaller  form  and  although  furnishing  a  fine-grained  lumber  has 
not  been  much  in  favor  with  our  western  people. 

Carya  aiba.    Nutt.    Hickory;  ShcU-bark  Hickory;  Shell-bark. 

This  valuable  species  is  apparently  common  in  Winnebago 
county,  but  less  so  in  the  other  counties.  Only  small  young  trees 
were  observed.  The  old  trees  are  probably  all  gone.  The  wood  of 
the  hickory  is  in  great  demand  in  the  manufacture  of  wagons, 
buggies  and  other  forms  of  vehicles.  A  forest  of  hickory  today 
would  be  worth  a  fortune.  As  fuel  the  wood  is  equally  famous^ 
and  the  finest  trees  of  our  North  American  valley  forests  have 
been  cut  down  to  make  winter  fires.  The  hickory  grows  well 
and  rapidly  from  seed,  and  it  is  to  be  hoped  that  within  the  range 
of  its  natural  habitat  it  may  be  nowhere  suflfered'  to  become 
extinct.  The  bitter  nut,  C.  ama/ra  Nutt,  is  also  found  in  our 
present  field ;  it  is  a  good  tree  for  fuel  but  in  the  mill  or  factory 
possesses  nothing  like  the  value  of  its  associate. 

Coryhis  americana  L.  Hazel.    Hazel-nut. 

The  hazel  nut  is  so  widely  known  as  to  require  no  more  than 
mention  here.  It  is  the  universal  attendant  of  our  native  forest, 
the  low,  out-creeping  border  of  the  woods.  It  is  astonishing  how 
rapidly  and  easily  the  hazel  extends  its  beneficent  domain.  The 
fruit  is  disseminated  by  our  familiar  birds.  Blue-jays  will  at- 
tempt to  carry  two  or  three  hazel-nuts  at  a  time  in  their  beaks, 
and  will  fly  with  a  bunch  of  the  fruit  for  long  distances.  In  this 
way  people  are  often  surprised  to  find  the  hazel  springing  about 
the  borders  of  our  artificial  groves.  The  birds  are  the  planters  and 
the  hazel  simply  occupies  its  own. 

Ostrya  virginica.    Willd.     Ironwood.     Horn-beam. 

A  valuable  though  small  tree  is  this,  not  uncommon.  The 
wood  grows  rapidly  up  to  a  certain  age ;  afterwards  very  slowly ; 
is  tough  and  exceedingly  hard ;  makes  good  tool  handles  and  fire- 
wood. 
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Querciis.    The  Oaks. 

More  than  any  trees  of  tbe  forest,  the  oaks  appeal  to  every 
lover  of  the  wood.  On  Pilot  Knob  five  distinct  species  of  oak 
occur,  and  three  or  four  in  other  parts  of  our  area-  The  univer- 
sal species  is  of  course  the  bur-oak,  Q.  macrocarpa  Michx,  This 
species  occupies  the  very  hardest  and  most  unfavorable  rocky 
or  sandy  hilltop®,  remote  from  all  other  arboreal  vegitation. 
Next  in  frequency  is  the  jack-oak,  Q.velutinn  Lam.,  occupying  the 
whole  forest  area  already  referred  to,  the  whole  Mississippi 
valley.  On  the  slopes  of  Pilot  Knob  beautiful  specimens  of  Q. 
scheckii  Britt,  the  scarlet  oak,  adorn  the  roadsides  and  fields^ 
their  thin  elegantly  cleft  leaves  shining  with  unusual  lustre  in 
the  summer  sun.  In  similar  localities  and  in  the  valleys  of  all 
the  wooded  streams  occurs  another  common  species  Q.  rubra,  L, 
the  red  oak.  The  three  last  named  all  belong  to  the  black  oak 
series;  all  have  dark-colored,  furrowed  bark,  bristle-tipped 
leaves  and  fruit,  and  acorns  that  take  two  years  to  mature.  The 
bur-oak,  on  the  other  hand,  belongs  to  the  white  oak  group.  Its 
leaves  have  rounded  lobes,  are  never  bristly ;  the  bark  is  pale  and 
often  flaky,  though  in  old  trees  apt  to  furrow,  over  certain  areas^ 
and  the  nuts  form  and  mature  in  a  single  season.  The  white 
oak,  Q.  alba  L.  is  the  finest  and  most  valuable  oak  in  our  north- 
em  woods,  and  is  fortunately  not  rare  in  Iowa.  The  writer 
noted,  however,  in  the  district  covered  by  this  report  but  very 
few,  and  these  in  Forest  township  of  Winnebago  county. 

All  sorts  of  oaksi  may  be  transplanted  but  they,  like  other 
forest  species,  grow  best  from  seed.  Acorns  spring  up  readily 
if  protected  from'  animals  and  covered  lightly  with  leaves.  •  When 
cared  for  they  grow  with  surprising  rapidity,  easily  making  two 
or  three  feet  a  year  in  height.  There  is  no  good  reason  why  on 
the  farms  of  nortl\em  Iowa  oaks,  ash  trees,  walnuts,  pines  may 
not  b^n  to  supplant  the  useful,  but  less  valuable  soft  maple 
and  box-elder. 

Popvlus  tremuloides,  Michx.  Quakiug-asp. 

A  oonmion  little  tree  in  all  native  groves.  Of  little  value  save 
as  light  fuel.  Its  nearest  kin,  P.  grandidentata  Michx.,  the  large 
leaved  aspen,  or  simply  as  pen,  is  much  more  valuabla    It  springs 
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up  quickly  in  cleanngs,  grows  in  dende  hillside  graves  and  in  a 
few  years  makes  fine  long  straight  poles,  light  and  strong  for  use 
on  the  farm.  Hundreds  of  these  trees  are  found  on  the  slopes 
leading  up  to  Pilot  Knob.  The  cotton-wood,  P.  deltoidea  Marsh., 
has  been  extensively  planted  here  as  in  all  our  western  country. 
The  cotton-wood  makes  good  fuel  and  has  been  of  service  as  a 
wind-break.    Does  not  however,  make  good  groves. 

Salix  species. 

Of  willows  there  are  many  in  our  region.  Prof.  Shimek  fur- 
nishes me  the  following  list:  8.  discolor,  Muhl. ;  8.  amygdaJr- 
aides  Anders.,  diamond  willow;  8.  cordata  Muhl.,  heart-leaved 
willow;  8.  Candida  Willd.,  hoary  willow;  8.  humilis  Marsh., 
prairie  willow;  8.  petiolaris  Smith,  has  no  common  name.  In 
fact,  the  willows  are  for  our  people  little  distinguished.  Most 
of  those  here  listed  are  mere  shrubs  without  economic  value  save 
as  ornamental  plants.    The  first  two  named  are  small  trees. 

Juniperus  virginiana,  L.    Red  Cedar. 

This  is  the  only  representative  of  the  conifers  or  pine  family 
in  this  part  of  Iowa.  The  white  pine  seems  not  to  come  so  far 
south  and  west.  ,The  little  red  cedar  is  said  to  be  still  not  rare 
about  the  shores  of  Rice  lake,  Winnebago  -county  and  many 
are  reported  as  taken  thence  for  planting  on  the  farms.  All  the 
conifers  usually  planted  in  Iowa  have  been  successfully  reared 
by  the  farmers  of  the  counties  here  discussed.  So  much  in  gen- 
uine arboriculture  has  here  been  already  wisely  done  that  we 
have  high  hope  for  greater  success  in  time  to  come,  when  to  the 
other  crops  making  Iowa  the  land  of  varied  husbandry  shall  bb 
added  a  perennial  harvest  of  forest  products  from  trees  of  all  our 
noblest  species. 
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ISTBODUCTION. 

l.VATION  AND   AREA. 

^  ir^  the  two  southernmost  counties  in  the 
\.:>soiiri  river.  Together  they  form  a  rect- 
-tizbt  sides  on  the  north,  east,  and  south, 

::  the  Missouri  river  on  the  west>  extend- 
:  :\^rtT-one  miles  from  north  to  south,  and 

.  rdneteen  to  twenty-six  and  a  half  miles 
'  :v  have  an  area  of  about  974  square  miles, 

,  ut  524  square  miles  and  Mills  about  450. 

:l:e  meanders   of   the   Missouri   the   area 


..^illKB  INVESTIGATIONS. 
;  visited  these  counties  in  18()().     He  was 
<  v^f  Iowa,  and  his  observations  were  pub- 
<:    Vanual  Report  in  1868,  and  also  in  his 

■  :ae  Coal  Measures  of  these  counties  are 

.  >  ;j  Coal  Deposits  of  lowa.f 

-:oD  has  published  a  record  of  the  Glenwood 

.ind  Mr.  Seth  Dean  has  secured  other  data 

.re  temperatures  of  the  wells  at  this  place.** 

•  -^  Ke^"^'  ^^•^^  Geologist,  1868,  pp.  54-50  ;C.  A.  Wlilte,  Geology  of 

^^'V ^^^rJly,  Vol.  II,  p.  448  and  op.  462  and  45a 
\.toSiSurVey,  Vol.  \1,  pp.  340-Si7. 
..^j/^IowaKngineer  and  Surveyors' Society,  1896,  pp.  33-30 
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Finally  Prof.  J.  E.  Todd,  who  for  some  time  resided  at 
Tabor,  has  made  a  number  of  observations  on  the  drift  of 
this  region,  and  many  of  these  are  presented  in  his  paper  on 
The  Moraines  of  Southwestern  South  Dakota  and  their 
Attendant  Deposits.* 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  principal  topographic  features  to  be  noted  in  these  coun- 
ties are :  The  upland  flats  and  ridges,  the  upland  slopes,  and  the 
lowlands  and  terraces. 

The  Upland  Flats  and  Ridges.  The  uplands  consist  of  an  old 
drift  plain,  modified  by  erosion  and  by  the  deposition  on  its  sur- 
face of  a  blanket  of  loess.  But  little  is  left  of  the  old  surface  of  the 
flat  drift  plain.  The  only  remnants  left  are  some  flat  strips  of 
land  on  the  highest  divides  farthest  away  from  the  largest 
streams.  These  strips  are  usually  less  than  one-fourth  of  a 
mile  in  width,  often  much  less.  The  widest  flats  seen  were 
between  the  headwaters  of  Mill  creek  and  Rock  creek  in  Locust 
Grove  township  in  Fremont  county ;  in  the  vicinity  of  the  town  of 
Tabor ;  on  the  divide  between  Mud  creek  and  Silver  creek  south- 
east of  Silver  City;  on  the  divides  north  of  Glenwood,  north  of 
Emerson  and  north  aud  south  of  Hillsdale.  The  total  area  of 
these  upland  strips  do  not  cover  more  than  at  most  a  few  square 
miles  of  land  in  the  two  counties. 

Excepting  these  flat  areas  the  divides  everywhere  consist  of 
ridges,  more  or  less  convex  in  cross  section.  These  are  broadest 
farthest  away  from  the  principal  drainage  basins  and  as  we  ap- 
proach the  margins  of  the  uplands  they  become  more  and  more 
contracted  and  narrow.  In  the  bluffs  of  the  Missouri  they  are 
frequently  only  three  or  four  feet  across,  with  a  steep  slope  on 
either  side.  The  average  elevation  of  these  summits  of  the 
uplands  for  the  two  counties  is  about  1170  feet  above  sea  level, 
and  it  varies  a  hundred  feet  above  and  below  this  figure.  The 
eastern  two-thirds  of  the  uplands  in  this  area  fall  about  thirty 
or  fifty  feet  below  the  average,  while  the  highest  divides  ajh 
^preaching  the  Missouri  river  bluffs  rise  above  it  in  places  as 

•J.  E.  Torid,  Bnll.  IT.  S.  G«x)l.  Survey,  No.  158,  pp.  89,  90,  etc. 
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much  as  ninety  feet  From  north  to  south  they  have  a  general 
descent  of  about  a  foot  and  one-third  to  the  mile. 

The  Uplcmd  Slopes.  By  far  the  greater  area  of  the  uplands 
is  formed  of  slopes  which  extend  on  either  side  from  the  creeks 
and  ravines  up  to  the  crests  of  the  ridges  and  flats  on  the  divides. 
Farthest  away  from  the  larger  drainage  lines  these  slopes  have  a 
gentle  grade  and  even  near  some  of  the  larger  creeks  they  may 
be  a  half  mile  in  length  and  100  or  125  feet  in  height.  But  near 
the  Missouri  bottoms  they  become  more  steep  and  frequently 
rise  at  a  high  ans:le  to  150  or  even  200  feet  above  the  bottoms. 
Along  tliese  bluffs  they  are  sometimes  too  steep  to  be  tilled.  Else- 
where they  constitute  the  main  farm  land  in  the  region.  The  dis- 
tance from  the  foot  of  the  lowest  to  the  top  of  tJie  highest  slopes 
embraces  a  vertical  range  of  about  360  feet. 

The  Lowlands  and  Terraces. — The  principal  lowlands  are  the 
bottoms  along  tlie  Missouri  river.  These  vary  from  one  to  scv^en 
miles  in  width  on  the  Iowa  side  of  the  great  river.  They  have  an 
average  elevation  of  about  tw^mt^^  feet  above  low  water  and  an 
average  descent  to  the  south  of  about  one  and  one-third  of  a  foot 
per  mile,  their  general  slope  being  about  the  same  as  that  of  the 
uplands.  In  the  reentrant  bends  of  the  river  bluflfs,  w^here  the 
bottoms  extend  into  the  uplands,  iis  tliey  do  to  the  southeast  of 
Pacific  Junction,  nortli  of  Thunnan,  and  again  south  of  Knox, 
they  rise  as  much  as  thirty  or  forty  feet  wdth  a  long  gentle  slope 
toward  the  bluflfs.  Otluerwise  they  present  an  even  plain  with  a 
few  low  tracts  marking  tlie  fonner  meanders  of  the  riv(»r,  such  as 
Buckingham  lake  and  Lake  Wabonsie. 

The  lowlands  of  the  West  Nishnabotna  have  a  pitch  to  the 
south  of  a  little  more  than  three  feet  \yQV  mile  and  a  width  in- 
creasing from  one  and  tliree-fourtbs  of  a  mile  near  the  north 
boundaiy  of  Mills  county  to  three  miles  in  Prairie  and  Sidney 
townships  in  Fremont  count\\  The  pitch  of  the  East  Nishna- 
botna bottoms  is  a  little  greater,  nearly  four  feet  ix^r  mile,  and 
their  width  from  bluflf  to  bluflf  averages  about  two  and  three- 
fourth  miles.  Near  Riverton  this  valley  is  abniptly  contracted 
to  less  than  one  mile.  The  valley  of  the  united  streams  below 
Riverton  in  the  same  way  abruptly  narrows  at  the  north  bound- 
ary of  Madison  township  to  less  than  one  mile.     The  cause  of 
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Plate  iii. 


D^>posit  of  mud  after  a  flood  on  the  Nislma>>otna  bottoms  in  section  19,   Riverton  township, 

Fremont  coanty. 
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such  abrupt  changes  in  the  width  of  these  lowlands  is  a  lise 
of  the  bed  rock  which  has  impeded  the  erosive  work  of  th© 
streams  in  widening  their  flood  plains,  owing  to  the  greater  hard- 
ness of  the  materials  encountered. 

Other  creeks  with  definite  flood  plains  are  aa  given  below : 


CRBBKS . 


Walnut. 
Silver . . 
Keg.... 
Indian  . 
Mill.... 


AVBRAGB  WIDTH 

OF  BOTTOMS  IN 

MILES. 


SLOPB,  FBBT 
PBR  MILS. 


6  (estimated) 
5  (estimated) 
7 

10 

10  (estimated) 


The  bottoms  of  Silver,  Keg,  and  Mill  creeks  are  all  somewhat 
contracted  in  their  lower  course  on  account  of  encountering  the 
bed  rock,  but  their  change  in  this  respect  is  not  as  marked  as 
in  the  case  of  the  Nishnabotna  rivers.  Just  below  Malvern  the 
Silver  creek  bottoms  narrow  to  only  a  quarter  of  a  mile  for  a 
short  distance  and  at  Glenwood,  K^  cheek  can  hardly  be  said  to 
have  a  flood  plain.  The  difference  is  less  marked  in  the  width 
of  the  flood  plain  in  the  upper  and  the  lower  course  of  Mill 
creek  south  of  Biverton,  but  in  each  of  these  places  bed  rock 
is  absent  above  and  appears  in  the  beds  of  the  streams  at  the  nar- 
row places. 

No  notable  terraces  are  to  be  seen  on  the  flood  plain  of  the 
Missouri  river,  but  there  are  a  few  shelves  in  the  bord'ering 
bluffs  near  the  streams  which  come  from  the  uplands.  One  of 
these  is  seen  on  the  south  side  of  Wabonsie  creek,  having  an 
elevation  of  about  fifty  feet  above  the  bottom.,  and  there  are  others 
less  distinctly  marked  in  the  creeks  farther  south.  On  the  bot- 
toms of  the  two  Nishnabotna  rivers  terraces  are  much  more 
frequent.  One  which  has  an  elevation  of  about  fifty  feet  covers 
the  north  half  of  section  26  and  the  south  half  of  section  23  in 
Madison  township,  Fremont  county.  Another  about  forty  feet 
high  covers  the  east  half  of  section  6,  Tp.  68  N.,  R.  XLI  W.  For 
three  miles  south  of  Randolph  the  same  bench  runs  along  the  east 
bluff  of  the  valley  extending  about  a  mile  to  the  west.  Again  the 
same  terrax^e  covers  about  three  sections  of  landi  west  of  White 
Cloud,  and  there  are  smaller  remnants  farther  to  the  north  but 


130  GEOLOGY    OF    MILLS    AND    FREMONT    COUNTIES. 

oa  the  same  side,  as  in  sections  12,  13  and  14  north^^iest  of  Hast- 
ing, in  sections  19  and  20  and  in  sections  8,  9  and  4  in  Tp.  73  N., 
B.  XLI  W. 

In  these  counties,  as  in  Pottawattamie*,  the  bluffs  of  the  Nish- 
nabotna  run  in  a  series  of  loops  somewhat  less  than  a  mile  wide 
"with  their  concavities  facing  the  river."  The  loops  are  separated 
by  narrow  spurs  of  upland,  which  intervene  and  project  some- 
times half  a  mile  into  the  valley.  It  is  quite  evident  that  the 
recesses  are  due  to  undercutting  by  the  river  and  that  the  curves 
correspond  to  the  meanders  of  the  stream.  As  the  loops  have  a 
radius  much  greater  than  the  meanders  of  the  present  stream  it 
is  to  be  inferred  that  at  the  time  they  were  made  the  river  was 
considerably  larger  than  at  present.  This  may  have  been  coin- 
cident with  a  glacial  advance  occurring  farther  north,  after  the 
deposition  of  the  drift  in  this  region.  Loops  of  the  kind  are 
seen  on  both  sides  of  the  river  between  Henderson  and  Hast- 
ings to  the  northwest  of  Randolph,  to  the  southeast  of  Sidney, 
and  east  of  Hamburg. 

DRAINAGE. 

But  little  need  be  said  regarding  Ihe  drainage  of  the  two  coun- 
ties. It  differs  in  no  essential  from  that  of  the  surrounding  re- 
gion. It  has  reached  a  stage  of  high  maturity,  as  may  be  in- 
ferred from  the  nature  of  the  topography.  Drainage  by  seepage 
through  the  porous  soil  is  remlarkably  eflBcient  everywhere,  but 
during  heavy  rains  there  is  a  prompt  run-off  from  the  surface  on 
all  slopes.  Only  a  single  instance  of  stagnant  drainage  on  the 
upland  has  been  noted,  and  this  consists  of  a  small  tract  on  sec- 
tion 36,  Tp.  68  N.,  R.  XL  W.,  where  a  swamp  like  condtion 
prevailed  at  the  time  of  the  making  of  the  government  sur- 
veys. With  the  general  lowering  of  the  level  of  ground  water 
this  has  now  disappeared.  The  effectiveness  of  seep  drainage 
is  especially  evident  on  the  terraces  in  the  Nishnabotna  valley, 
as  to  the  west  of  White  Cloud,  where  the  surface  of  the  terrace 
covers  an  area  of  three  square  miles  which  is  perfectly  flat  and 
yet  remains  uninvaded  by  drainage  trenches,  although  the  river, 
since  their  making,  has  had  time  to  remove  all  but  a  small  frac- 
tion of  the  old  flood  plain. 

♦lowaQpol.  Surv.,  Vol.  XI,  pp.  205-206. 
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PULTB  IV. 


DepoBit  of  mud  and  debris  after  a  high  flood  in  a  tributary  of  Keg  creek  northeast  of 

Glenwood. 


Iowa  Geological  Survey. 


Plate  v. 


Dei)o  it  of  mud  on  the  bank  of  the  channel  of  Keg  creek,  west  of  Minneola,  after  high  water. 


ELEVATIONS. 
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The  drainage  of  the  flood  plains  is  in  one  resi>ect  less  perfect 
now  than  before  the  prairies  were  under  cultivation.  With  the 
general  destruction  of  the  native  sod  the  slopes  now  more 
promptly  shed  the  surface  flow  during  rains  and  these  easily 
gather  a  full  load  of  silty  sediment  which  impede  the  run-off  in 
the  creeks  and  fills  their  channels.  The  mud  can  be  seen  settling 
on  the  sides  and  the  bottom'  of  the  channel,  which  thus  becomes 
too  small  and  cause®  the  streams  to  overflow  their  banks.  The 
retention  of  the  streams  within  their  banks  during  floods  is  thus 
with  every  year  becoming  a  more  and  more  serious  problem  to 
agriculture.  During  the  summer  of  1902  hundl'eds  of  acres  were 
flooded  and  covered  with  silt  on  tlie  Missouri  and  the  Nishna- 
botna  bottoms,  in  places  to  a  depth  of  as  much  as  three  feet. 
From  some  measurements  which  were  .made  on  the  quantity  of 
sediments  carried  by  Keg  creek  during  a  freshet,  it  was  found 
that  the  ratio  of  sedments  to  the  water  by  weight  was  1 :44,  that 
is,  ithe  water  contains  about  2.2  per  cent  of  mud. 


TABLB   OF   KLKVATIONS. 


LOCATION . 


ELEVATION. 


Anderson 

Bartlett 

Bluffs  east  of  Bartlett 

Clark 

Emerson 

Farragut 

Glenwood.  < 

Hamburg 

Hastings 

Haynies 

Henderson 

Henton  . .  .* 

Hil  sdale 

Malvern 

McPaul 

Minneola  , 

Nishnabotna  bottoms  east  of  Sidney 

Pacific  Junction 

Percival 

Plattsmouth,  low  water,  Missouri  river. 

Randolph 

Riverton 

Sidney 

Sidney,  public  square 

Tabor 

White  Cloud  Crossing 


966* 

946 

1190* 

1000* 

1053 

961 

981 

903 

999* 

954 

1031* 

963 

1189 

995 

927 

1036* 

915* 

958 

927 

940 

967* 

927 

1025.? 

1156* 

1240* 

973* 


•  Estimates  from  aneroid  measurements.     The  other  figures  are  from  Gannet's  Dictionary  of 
Altitudes  and  refer  to  elevation  of  railroad  track  at  the  depot. 
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STRATIGRAPHY. 


GENERAL  STATEMENT. 

The  bed  rock  in  this  region  is  for  the  most  part  conoealed  under 
a  heavy  drift  sheet.  The  best  exposures  occur  in  the  bluffs 
of  the  Missouri  river  and  in  the  vicinity  of  Hamburg  and 
Riverton.  The  oldest  rocks  belong  to  the  Upper  Coal  Measure 
series.  Resting  on  these  are  some  remnants  of  Cretaceous  beds, 
and  over  all  lies  the  drift.  The  general  relations  of  these  divi- 
sions are  indicated  in  the  following  table: 


GROUP. 

SYSTEM. 

SERIES . 

STAGE. 

(^eoozoic 

Pleistocene. 

Post-glacial 
and  Recent. 

Alluvium,  loess  and 
terrace. 

Glacial. 

Kansan  and  Pre-Kansan. 

Mesozoic. 

Cretaceous. 

Dakota. 

Nishnabotna. 

Paleozoic. 

Carboniferous 

Upper 
Carboniferous. 

Missourian . 

DEEP  EXPLORATIONS. 

Some  deep  explorations  have  been  made  in  each  of  the  two 
counties.  Seventeen  years  ago  a  boring  was  put  down  for  coal 
at  Riverton.  It  was  made  on  the  hill  east  of  the  village  and  ex- 
tended down  700  feet.  All  that  is  now  known  about  the  nature 
of  the  groimd  is  that  it  was  mostly  shale  with  some  limestone 
and  that  there  was  a  thin  seam  of  coal  at  a  depth  of  about  400 
feet  On  Mr.  Eankin's  farm  on  the  nori;hwest  quarter  of  section 
32  in  Riverton  township,  south  of  Riveri;on,  two  wells  have  been 
made  on  the  bottom  lands  in  search  of  artesian  water.  Neither 
attempt  was  successful  and  the  materials  penetrated  were  mostly 
*  *  soapstone, "  some  dark  shale  and  limestone. 

At  Hamburg  the  Hamburg  Fuel  and  Mining  Company  made 
a  dia;mond  drill  hole  to  a  depth  of  1,000  feet  in  1890.  The  hole 
was  sunk  near  the  east  quarter  post  of  the  northeast  quarter  of 
section  21,  just  outside  the  city  limits  where  the  ground  has  an 
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elevation  of  998  feet  above  the  sea  level.  Most  of  the  core  was 
saved,  but  all  labels  have  been  lost  and  the  depth  of  only  one 
piece  of  the  core  ia  known  with  certainty.  This  is  a  fragment 
of  compact  gray  limestone,  apparently  from  the  Coal  Measures, 
which  was  taken  at  800  feet  from  the  surface.  Some  men  who 
were  interested  in  the  drilling  say  that  red  shale  was  encouns 
tered  at  about  350  feet  below  the  surface.  There  was  a  seam  of 
coal  about  a  foot  thick  at  a  depth  of  ninety  feet  and  a  very  dark 
shale  at  about  650  feet  About  400  feet  of  the  core  can  yet  be 
seen,  and  of  this  fully  three-fourths  is  limestone,  all  apparently 
from  the  Coal  Measures.  Several  pieces  have  a  fine  oolitic  struo- 
true,  resembling  that  seen  in  the  old  quarry  near  Ctescent  in 
Pottawattamie  county.  These  ledges  probably  dip  to  the  south 
and  lie  here  at  some  distance  below  the  surface.  One  fact  which 
is  established  beyond  a  doubt  by  this  drilling  is  that  the  terranes 
at  this  point  contain  at  least  some  300  feet  of  limestone  in  the 
first  1,000  feet.  Whether  all  of  this  thickness  belongs  to  the  Coal 
Measures  cannot  be  made  out  with  certainty,  but  it  seems  likely 
that  such  is  the  case.  No  part  of  the  core  resembles  the  Lower 
Carboniferous. 

In  Mills  county  two  deep  wells  have  been  sunk  at  Glenwood. 
Both  were  made  by  churn  drills.  Samples  of  the  drillings 
from  the  city  well  have  been  collected  by  Mr.  Seth  Dean  and 
described  by  Norton,*  who  summarizes  the  formations  as 
follows: 

Elevation  of  the  curb 1,132  feet  A.  T. 

Thickness  in  feet. 

Pleistocene ". 175 

Missourian 670 

Des  Moines 390 

Mississippian 230 

Devonian  (?) 135 

Silurian 400 

The  Missourian  in  this  well  contained  a  considerable  amount 
of  limestone,  as  at  Hamburg. 

Some  years  later  a  well  was  made  on  the  bottom  land  of 
Kegi  creek,  in  the  south  port  of  the  dty  by  the  Institution  for 
Fteeble-Minded   Children.    The  elevation   of   the   curb  is  here 

•lowaGeol,  Snrv.,  Vol.  VI.  pp.  840-347. 


134 


^GEOLOGY   OF   MILLS   AND   FREMONT   COUNTIES. 


980  feet  above  sea  level  and  the  total  depth  of  the  well  is  2,000 
feet  A  record  was  taken  of  the  strata  penetrated  at  the  time  the 
well  was  made  and  a  copy  of  this  record  follows.  Some  dis- 
crepancies are  apparent  but  there  is  a  fair  correspondence  in  the 
two  wells. 

RECORD  OF  THE  STRATA  PENETRATED  IN  THE  BORING  AT  THE  INSTITUTION  FOR 
FEEBLE-MINDED  CHILDREN  AT  GLENWOOD. 


DEPTH 

BBLOW 

SURFACE 


I  THICKNESS , 
I      IN  FEET. 


1.  Drift 

2.  Limestone 

3.  Shale,    black 

4.  Blue  limestone 

5 .  Limestone 

6.  Red  shale 

7.  Limestontf 

8.  Shale 

9.  Red  shale 

10 .  Limestone .... 

11.  Black  shale 

12.  Blue  shale 

13.  Limestone , 

14.  Black  slate 

15.  Soft  white  rock 

16.  Blue  shale 

17.  Red  shale 

18.  Limestone 

19.  Black  shale,  coaly 

20 .  Sandstone 

21.  Sandstone  with  salt  water.. 

22.  Blue  shale 

23.  Limestone 

24.  Limestone  with  pyrites 

25.  Green  shale 

26.  Red  shale  

27.  Miner's  slate 

28.  Soapstone 

29.  Miner's  slate  with  pyrites. . . 

30.  Sandy  shale  with  salt  water 

31.  Sandstone 

32.  Limestone 

33.  Sandstone '. . 

34.  Sandstone 

35 .  Brown  limestone 

36.  Red  **quartzite" 

37.  Magnesian  limestone 

38.  Gray  limestone 

39.  While  sandstone 

40.  '  •  Soapstone" 

41 .  • '  Soapstone' ' 

42.  Limestone 

43.  Gray  limestone 

44.  "Soapstone" 


40 
65 
100 
140 
200 
256 
280 
305 
340 
360 
430 
445 
475 
479 
499 
529 
549 
550 
575 
625 
640 
655 
690 
715 
732 
7^0 
820 
865 
990 
,010 
,032 
,065 
,103 
,115 
.198 
,226 
,351 
,410 
,460 
.509 
,535 
,580 


35 
5 


20 
10 
30 
40 


10 
15 
20 
30 
10 

5 

4? 
20 
30 
10 

1 

1 

7 
10 

5 

2 
10 


10 
10 


10 
12 

3 
23 
64 

5 
20 


20 
"3' 
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DEPTH 

BBLOW 

SURFACE. 


THICKNESS, 
IN   FEET. 


45. 
46. 
47. 
48. 
49. 
50. 
51. 


•*Soapstone" 

Sandy  limestone 

Gypsum 

Gray  limestone 

* 'Bastard"  limestone. 
Hard  gray  limestone. 
Bottom  of  well 


2 
50 

2 
30 


Gypsum  occurred  in  the  city  well  at  depths  corresponding 
with  No.  47  above,  evidently  in  the  same  terrane,  and  in  the 
one  Norton  regards  as  Silurian. 

CARBONIFEROUS   SYSTEM. 

THE  MISSISSIPPI  AN. 

The  rocks  of  the  Upper  Coal  Measures  in  these  coimties  con- 
fidsft  of  shales  and  limestones  with  some  arenaceous  beds  and 
some  marly  clays.  An  account  of  their  ocurrence  and  partic- 
ular characters  in  different  localities  will  be  first  introduced.  The 
different  localities  of  the  exposures  have  been  arranged  in  four 
groups  as  follows: 

A.  In  and  near  the  bluffs  of  the  Missouri  river  in  Mills 
county — sections  i-vii. 

B.  In  and  near  the  bluffs  of  the  Missouri  river  in  Fremont 
county— sections  vni-xvm. 

C.  Sections  in  the  uplands  east  of  Hamburg— sections  xix- 
xxin. 

D.  Scattered  outcrops — sections  xxrv-xxvi. 

EXPOSURES   IN   AND   NEAR  THE  BLUFFS  OF  THE  MISSOURI  RIVER. 

MILLS  COUNTY. 

I.    SECTION  IN  THE  QUARRY  AT  HBNTON. 

WKET 

4.  Gray  shale,  with  thin  calcareous  layers  and  occa- 
sional calcareous  concretions  from  one  to  two 
inches  in  diameter.  These  concretions  are  com- 
pact in  texture  and  contain  some  imbedded  curv- 
ing; tubules  one-fourth  millimeter  in  diameter. 
Fossils:  denticles  of  annelids,  minute  conical  teeth, 
and  a  small  productus 2 
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3.     Yellow  or  gray  limestone 1^ 

2.  Cream  colored  or  gray  limestone  with  kidneys  of 
dark  chert  usually  several  inches  in  diameter.  On 
a  polished  surface  it  is  seen  to  hold  scattered 
spheroidal  oolitic  grains  from  .5  to  2  millimeters 
in  diameter  and  some  clean  fragments  of  shells. 
These  lie  in  a  copious  matrix  of  ill  defined 
organic  granules,  averaging  only  about  one- 
tenth  of  the  size  of  the  obliths,  and  these  smaller 
granules  are  held  together  by  a  translucent,  cal- 
careous cement.  The  rock  is  cut  by  some  thin 
fissures  healed  with  calcite,  and  carrying  in 
places  small  grains  of  iron  pyrites .  The  chert  is 
identical  in  texture  with  the  rock 1 

1.  Light,  bluish  gray  limestone  in  heavy  ledges,  with 
some  shaly  layers  and  with  irregular  nodules  of 
chert.  It  is  composed  mainly  of  a  copious  matrix 
of  fine,  indistinct  particles  in  which  are  imbedded 
occassional  joints  of  crinoid  stems,  some  large 
shell  fragments  which  are  sometimes  clean  and 
sometimes  covered  with  an  o'litic  crust,  and 
elliptical  granules  of  oolitic  aspect,  about  one 
and  one-half  millimeters  in  largest  diameter. 
Between  the  lower  courses  in  the  quarry  are  shaly, 
dark  aod  carbonaceous  seams  containing  brachio- 
pods,  spines  of  crinoids,  and  spines  of  archseocid- 
aris.  In  one  of  these  seams  there  were  some 
fucoid-like,  flat,  curving  bodies  ranging  up  to  8 
inches  in  length,  nearly  2  inches  wide,  and  from 
one-fourth  to  three-fourths  inch  in  thickness, 
elliptical  in  outline  in  cross-section.  The  surface 
of  these,  when  etched  and  cleaned  by  rain,  is 
seen  to  be  strewn  with  black,  smooth,  shining  and 
round  needles  of  pyrites,  of  a  diameter  ranging 
from  .02  to  1  millimeter  in  diameter  and  from  I  to 
6  millimeters  in  length,  or  more,  tapering  slightly 
to  one  end.  On  crushing,  grinding  and  washing 
the  body  of  these  stems,  small  and  straight 
siliceous  spicules  were  obtained,  of  somewhat 
rough  outline,  measuring  about  .02  millimeters 
in  thickness.  These  have  been  identified  by  J . 
M.  Clark  as  sponge  spicules 3 

From  the  different  ledges  in  this  quaxry,  but  mostly  from  the 
lower  cOTirses,  there  were  taken  the  following  fossils :  Archaeoci- 
daris  edgarensis,  Erisocrinus  typus,  Eupachycrinvs  verrucosus, 
FistiUipora  nodvlifera,  Hhomhopora  lepidodendroides,  Ambo- 
coelia  plwnoconvexa,  Chonetes  granulifera,  Derhya  cra^sa,  Pro- 
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ductus  cora,  P,  costatus,  P.  pertenuis,  Seminula  argentea,  Spiri- 
fer  cameratus,  Allorisma  subcitneatum,  Chaenomya  lea/venwor- 
thensis,  Ch.  minnehaJia,  Solenomyn  (?),  Pinna  peracuta,  Beller- 
ophon  (large),  other  gasteropods. 

About  one-half  mile  south  of  Henton  there  is  a  small  quarry 
which  has  recently  been  worked  in  the  base  of  the  bluflfs.  The 
section  is  as  follows : 

VEET 

6.     Yellow  shale 2^ 

5.     Black  shale 1^ 

4.  Limestone 1 

3.  Shale,  somewhat  disturbed 3 

2.  Concealed,    about 3 

1.  Limestone,  one  foot  exposed,  said  to  be 8 

The  upper  four  members  have  been  exposed  in  exploring  for 
coal.  Another  exploration  was  some  time  ago  made  east  of  this 
point,  back  of  the  bluff.  This  is  reported  as  having  penetrated 
much  limestone,  but  there  was  no  coal. 

II.  SECTION  IN  .THE  QUARRY  NEAR   THE    MISSOURI   BLUFFS  AT  MILLS   STATION. 

FEET. 

5.  Disintegrated  limestone  containing  Fusuiina  cylin- 

drica }^ 

4.  Yellow  shale  or  disintegrated  limestone  containing 

Fusuiina  cylindrica 2>4 

3.  Limestone,  decayed   and   yellow  above,  gray   and 

sound  below 3 

2.  Concealed,  probably  shale 2 

1.     Bluish ,  dark  gray  limestone 1 

III.  SECTION  AT  THE  BIG  SPRING  IN  EAST  HALF  OF  SECTION  10.  LYONS  TOWNSHIP, 

MILLS  COUNTY. 


4.  Hard  gray  limestone . .  2 

3.  Blue  shale 2 

2.  Blue  hard  limestone 1 

1.  Blue  shale 2 

IV.     SECTION   IN   THE   BLUFFS   SOUTHWEST   OF   THE   CENTER   OF  SECTION  10, 
LYONS   TOWNSHIP.    MILLS   COUNTY. 


7.     Bluish  gray  shale 2 

6.  Dark  limestone  consisting  of  compact  matrix  con- 
taining clean  organic  fragments,  especially  spines 
of  producti.  There  were  also  seen  in  a  ground 
specimen  vermicular  extensions  of  concentrically 
and  irregularly  laminated  calcareous  material. 
Fossils:  Ambocfrlia  pianoconvexa  ^  Produclus  sp. ,  ^ 
10  G  Rep 
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5.     Bine  shale H 

4.     Blue  limestone,  in  places  yellowiEh  and   soft.     The  | 

lower    part   containing  Syntrielasfna  hemiplicata^ 

Fusutina  cyiindrica  and   &n' Ortkis  (?)  and  clean 

organic  fragments  in  a  fine   textured,   fragmental 

matrix *. IJ^ 

3.     Arenaceous    and   micaceous  silt  with  well   marked 

joints,  yellow  above  and  bluish  green  below.     A 

sample  consisted  of   well  assorted  quartz  particles 

from  oce-eighth  to  one-thirty-second  millimeter  in 

diameter,  free  from  finer  silt.     It  apparently  con- 
tained no  fossils,  large  or  small 6 

2.  Greenish  or  bluish  gray  limestone  in  strong  and  mas- 
sive ledges,  for  the  most  part  made  up  of  an  unas- 
sorted mixture  of  oolitic  grains  from  5  to  4  millime-  - 

ters  in  longest  diameter  and  mostly  clean  organic 

fragments  of   all  sizes,  imbedded    in   a   matrix  of 

occasionally  transparent    but   mostly  more  or  less 

distinctly   fragmental   and   granulated   calcareous 

matrix.      In  places  the  rock  is  almost  perfectly 

oolitic.      There  are  a  few  thin  seams  of  calcite. 

Fossils:     Small  gasteropods  and  bivalves,  crinoid 

stems,  Fistulipora  nodulifeta,  Fusulina  cyiindrica,  2 
1 .     Yellow  shale 3 

Campophyllum  torquinum  occurs  along  the  base  of  the  out- 
crop. 

V.      SECTION  IN  THE   BLUFFS  IN    THE   SE.  }4  OF  SEC.  16,  LYONS   TOWNSHIP, 

MILLS   COUNTY. 

FKtT. 

14.     Limestone,  oolitic  above  and  compact  below 3 

13.  Gray  shale,  with  two  calcareous  stony  layers  respec- 
tively about  three  and  one-half  and  four  and  one- 
half  feet  from  the  upper  surface.  Fossils  from 
the  shale:  Archaocideris  (spines) .  Eupachycrinus 
verrucosus  (plates),  Scatpiocrinus  sp.  (plates), 
Fistulipora  nodulifera.  Poly  para  submarginata^ 
Productus  sentireiiculatus  ^  P.nebraskensis^  Der- 
bya  crassa ,  Spirifer  canteratus ,  Chonetes  granu- 
liferay  Belleropkon  carbonaria^  Pleurototnaria^  sp. 
Allorisma  (?)  sp .  In  one  of  the  stony  layers  ther^ 
were  abundant  individuals  of  Productus  nebras- 
kensis  and  also  Derby  a  crassa  and  some  bryozoa, 
Chonetes  granulifera,  Discina  convexa^  Euofnpha- 
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lus  rugosus^  Myalina  subquadrata^  Myalina  recur- 
inrosiris  ( ?),  Edmotidia  sp. ,  Aviculopecien  sp. ,  En- 
tolium  aviculaium^  PseudcmonoHs  hawni,  Pinna 
(peracuta  f)  6^ 

12.     Limestone I 

11.  Marly  gray  shale,  almost  a  limestone  above.  Fos- 
sils: Spines,  plates  and  stem  joints  of  crinoids. 
Fusulina  cylindrical  Rhombopora  UpidodendroideSt 
Ambocalia  pianoconvexa ,  Chonetts  vemuiliana, 
ProductUs  semireiiculatus t  Productus  sp,,  Spiri- 
ferina  crislata^  Derbya  crassus^  denticles  of  anne- 
lids   1 

10.     Limestone,  with  a  band  of  chert 1^/ 

9.  Shale,  ^ray  and  black,  consisting  of  slightly  calca- 
reous silt,  in  which  have  been  found  some  small 
streaks  or  pockets  of  coal.  One  of  these  con- 
tained a  piece  of  fossil  wood  with  fibro- vascular 
bundles  resembling  those  of  ferns.  Other  fossils: 
Septopara  biserialis  {}) ^  Ambocaslia  pianoconvexa, 
Pugnax  uta,  Derbya  crassa,  Productus  longispi- 
nus,  Euamphalus  rugosus  ( ?) ,  Schizodus  ( ?) ,  Avic- 
ulopecten  (?) ,  pygidium  of  a  small  Phillipsia  and 
several  denticles  of  annelids 1>^ 

8.  Compact  white  limestone  in  which  a  FistuHpora 
nodulifera  was  observed.  It  breaks  preferably 
along  vertical  planes 1 

7.     A  stratum  of  highly  calcareous  shale lYi 

G.     Shale,    slightly  calcareous,    containing    occasional 

chitinous  denticles ' Yi 

5.  Gray  limestone,  fragmental,  some  of  the  fragments 
clean  and  some  covered  with  an  o51itic  crust,  all 
imbedded  in  a  matrix  of  fine  texture.  Poss  Is: 
Fusulina  cy  indrica,  Textu^aria  {?).  The  upper 
four  laches  consist  of  a  close  matting  of  minute 
tubes  of  an  Ammodtscus  with  the  interstices  filled 
with  clear  calcite Zli 

4.  Shaly  limestone  changing  into  rock  like  that  in  the 
next  number 1 

3.  Strong  heavy  ledges  of  yellowish  gray  limestone 
separated  by  scams.  The  ledges  vary  from  8  to 
14  inches  in  thickness  and  encroach  upon  each 
other  by  alternately  thinning  and  thickening.  A 
polished  specimen  showed  some  clean  and  a  few 
incrusted     organic    fragments    imbedded    in    a 
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matrix  of  finer  fragments  and  stractareless  cal- 
careous material.  Fossils:  Fusuiina  cyiindrica , 
Textnlaria  (?) ,  valves  of  small  lamellibranchs  and 
joints  of  crinoid  stems.  In  the  shaly  seams  there 
is  a  smaller  amount  of  matrix  which  is  also  more 
argillaceous  and  the  organic  fragments,  consist- 
ing of  worn  pieces  ef  shells,  lie  in  a  horizontal 
position.  In  these  layers  Seminula  argentea  aal 
Pugnax  uta  were  noted.  FusuUna  cvlindrica  is 
more  abundant  in  the  shaly  seams  than  in  the 
limestones 4 

2.  Concealed,  probably  in  part  containing  a  black, 
highly  fifsile  shale  C?) 4 

1 .     Bluish  gray  shale 4 

This  section  is  seen  extending  along  the  bluffs  for  nearly 
one-half  mile,  where  extensive  quarrying  was  carried  on  for 
several  years.    The  lower  shale  is  not  all  seen  at  one  place. 

VI.     SECTION  BAST  OF  THE  CSNTB^  OP  SEC,   21,  LYONS  TONVN  ^lilP.  ^IILLS 

COUNTY. 

PEET. 

12.  Dark  limestone  full  of  shell  fragments  much  weath- 
ered   ^rr*. 1 

11.  A  light  gray,  calcareous  silt  with  a  small  admixture 
of  fine  sand  and  of  mica  scales.  Fossils:  Seminuta 
argentea  (small  and  flattened),  Derbya  crassa 
and  a  Bellerophon  (?) 5 

10.'  Gray  limestone,  friable  and  oolitic  above,  compact 
below.  The  oolitic  sperules  have  a  thick  and 
rough  crust  and  are  quite  unassorted  as  to  size, 
varying  from  .2  to  3  millimeters  in  diameter. 
The  matrix,  which  is  sparse,  also  contains  occa- 
sional clean  organic  fragments.  A  ground  speci- 
men of  the  lower  part  of  the  ledge  was  a  white, 
soft  and  structureless  mass,  in  which  lay  scattered 
indistinct  minute  organic  fragments  and  occa- 
sional clean  brachiopod  spines.    Fossils:    Myalina 

recurvirostris  and  some  brachiopcd> 3' i 

9.     Marly  white  limestone,  evidently  made  up  of  a  fine 

calcareous  sand 1 

8.  A  gray  shale  with  two  thin  bands  of  soft  gray  lime- 
stooe  about  3  and  4  feet  from  the  top.  This  shale 
is  somewhat  variable  in  composition,  being  more 
calcareous  at  some  levels  than  at  others,  and  in 
places  presenting  a  lampy  mixture  of  calcareous 
and  argillaceous  mud.  The  thin  calcareous  seams 
are  quite  structureless  but  contain  occasional 
clean  organic  fragments,  among  which  are  some 
delicately    marked    tubules    wi  h    wh  te    walls. 
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Fossils:  lexiularia  (?),  joints  of  crinoid  stems, 
plates  of  Scaphiocrinus  hemisphericus ,  Fisluli^ora 
nodulifera^  Polyopora,  sp.,  Rhotnbopora  Upidod- 
endroideSy  Productus  longispinus  ^  P.prattenianus  ^ 
P.  nebraskensis ,  Chonetes  granuUfsra,  Dirbya 
crassa,  Myalina  subquadrala,  Schizodus  sp. 
Fossils  are  es(.ecially  abundant  in  the  calcareous 
layers  which  contained  a  Myalina  recurvirostris 
and  also  an  Edmondia 10 

7.  Compact,  fine-grained,  gray  limestone,  with  a  six 
inch  layer  of  gray  chert  in  the  lower  part.  The 
limestone  contains  fragments  of  crinoid  stems, 
shells  and  skeletons  of  bryozoa  imbedded  in  a 
copious,  almost  structureless  matrix.  The  rock 
in  contact  with  the  chert  is  a  dolomite,  appar- 
ently of  the  same  texture' as  the  limestone,  but 
when  examined  under  the  microscope  it  is  seen  to 
be  composed  of  small  crystals.  The  dolomitiza- 
tion  was  evidently  effected  by  the  same  condi- 
tions that  segregated  the  siliceous  material  into 
chert.  The  latter  exhibits  the  same  texture  as  the 
limestone  in  which  it  lies 2% 

6.  Gray,  marly  shale  with  a  three  inch  layer  of  lime- 
stone. The  upper  part  of  this  stratum  is  mostly 
calcareous,  impalpable  mud  with  scattered  crinoid 
joints  and  fragments  of  shells.  Fossils:  Fusulina 
cylindrical  stems  and  plates  of  crinoids,  Rhotnbo- 
pora Upidodendroides^  Derby  a  crassa,  Spiriferina  , 
cristata^  Productus  (small),  Ambocoelia panocon- 
vexa ,  Chonetes  vemuiliana 1>^ 

5.  Calcareous,  gray  shale,  or  marl,  like  the  above  but 
more  clayey  and  containing  chitinous  denticles 
and  Ammodiscus  and  other  rhizopod  foraminifer 
remains 1 

4.  Black  coaly  shale  only  slightly  calcareous  and  con- 
sisting for  the  most  part  of  a 'fine  clayey  silt. 
Pine  sand  is  almost  absent.  Fossils:  denticles 
of  different  kinds ]i 

3.  Compact,  grayish  white  limestone  of  fine  texture 
and  having  tendency  to  break  along  vertical  planes* 
A  polished  specimen  shows  some  minute  organic 
fragments  scattered  through  an  almost  structure- 
less calcareous  matrix.  Streaks  of  travertioe- 
likd  calcite  occur  in  irregular  pockets  one  or  two 
inches  in  length.  Fossils:  small  spires  of  gas- 
tcropods  and  Textularia  (?) l^.^ 

2.    A  calcareous  shale,  black  above  and  yellow  t>elow. .  1 

1.  A  light  gray  limestone  in  strong  ledges.  A  ground 
specimen   from   the  upper  part  was  seen  to   be 
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partly  made  up  of  rather  imperfect  oolitic  spher- 
ules. These  consist  of  rounded  organic  frag- 
ments, which  have  become  encrusted  by  a  thin 
calcareous  deposit.  Their  sizes  range  from  .3  to 
2  millimeters  in  diameter.  Some  are  flat.  The 
matrix  is  in  part  clear,  translucent  calcite  and  in 
part  a  white,  opaque,  and  structureless  mass. 
A  part  of  the  specimen  lacked  the  oolitic,  granules 
and  was  made  up  almost  wholly  from  a  matrix 
showing  indistinct  organic  particles,  and  holding 
a  few  bits  of  shells.  Small  fissures  and  irregular 
cavities  611ed  with  clear  calcite  were  frequent. 
Fossils:  Fusulina  cylindnca.  Pinna  sp.  and 
spires  of  small  gasteropods 4 

The  above  exposure  is  in  an  old  quarry  where  the  lower- 
most ledges  are  now  covered  with  debris  and  cannot  be  seen. 
The  section  is  the  same  as  the  previous  one,  but  includes  two 
additional  numbers  above,  and  does  not  reach  as  far  down. 

VII.  SECTION  IN  THE  BLUPPS  NEAR  THE  CENTER  OP  THE  SW  ^  OP  SBC.  27, 

LYONS  TOWNSHIP.  MILLS  COUNTY. 

FEET. 

4.     Disintegrated ,  shaly  limestone l}i 

3.  Limestone  with  some  unassorted  oolitic  spherules. .  2}i 

2.  White  marly  shale   with   imbedded  organic   frag- 

ments. Fossils:  Fusulina  cylindrical  a  small 
cyathophylloid  (worn),  plates  of  Archseocidaris, 
Rhombopora  lepidodendroides ^  Spirifer  ?  (small), 
Amboccelia  pianoconvexa ,  Choneles,  sp 2 

1.  Compact  gray  limestone  with  imbedded  organic  frag- 

ments of  small  size 2 

EXPOSURES   IN   AND   NEAR   THE   BLUFFS   OF   THE   MISSOURI 
RIVER,   FREMONT   COUNTY. 

VIII.  SECTION  IN  THE  BASE  OP  THE  BLUPPS  NEAR  THE  CENTER  OP  SEC. 

14,  SCOTT  TOWNSHIP,  FREMONT  COUNTY. 

FEET. 

4 .  Limestone 7 

3.  Shaly  material « . ,  2 

2.  Marly  shale   with  numerous  specimens  of  Derbya 

crassa  and  also  Prcductus  nebraskensis  ^  P.  cor  a 

and  P,  punctatus 1 

1 .  Shaly  material 4 

Occasional  small  outcrops  appear  north  of  this  place  and 
to  the  south  they  are  frequent.    The  next  section  is  at  a 
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point  about  a  half  mile  farther  south,  where  there  is  an  old 
prospect  pit  for  coal  a  short  distance  to  the  south  of  the 
north  end  of  Wabonsie  lake. 

IX.     SECTION]  IN  THE  BLUFF  NEAR  THE  SOUTH  LINE  OF  SEC.    14,  SCOTT 
TOWNSHIP,  FREMONT  COUNTY. 


8.     Limestone  of  minutely  oolitic  texture 3 

7.  Impure  limestone  containing  spines  and  a  jaw  plate 
of  Archseocidaris,  a  small  cyathophylloid  coral, 
Fusulina  cylindricUt  Chonetes  granuLifera^  Spir- 

iter  cameratus  and  Seminula  argentea 7^^ 

6.  A  gray  limestone  in  strong  and  massive  ledges  con- 
taining crinoid  stems  and  sparsely  studded  with 
fossil  fragments.  There  are  also  fissure-like 
pockets  filled  with  travertine-like,  irregularly  lam- 
inated, calcareous  material.  These  ledges  are 
separated  by  thin  shaly  seams  (best  seen  at  3  and 
4  feet  from  the  top  of  the   number)  containing 

many  Fusulina  cylindricm 11 

5.     Gray  limestone  with  more  frequent  fossils }i 

4  Gray  shale  with  bands  of  black  shale  containing 
some  lamellibranchs,  Productus  nebraskensis  (?; 
and  an  Orbiculoidea  (?).  Vermicular  extensions  of 

blue  shale  project   into   the  dark  bands l^i 

3.     Bluish  limestone  with  occasional  crinoid  stems 1 

2.     Shale 1>^ 

1.     Coal  (reported)  lYz 

Fire  clay , ? 

In  section  23  southeast  of  Lake  Wabonsie,  there  is  rock  in  the 
bluffs  ahnost  the  entire  distance,  owin^  no  doubt  to  comparatively 
recent  undercutting  of  the  upland  by  the  river  where  it  followed 
the  channel  in  which  the  lake  or  slough  has  since  formed.  It 
was  thought  best  to  unite  all  the  outcrops  into  one  section  as 
there  was  no  diflBkjulty  in  referring  them  to  their  right  position 
relative  to  each  other.  Numbers  1  and  13  are  both  best  exposed 
near  the  southwest  comer  of  the  section,  the  fontier  in  an  old 
quarry.  The  saiHe  outcrops  have  been  described  by  Prof.  C.  A. 
White*  at  an  earlier  time  when  the  beds  were  better  exposed  by 
quarrying.  His  section  gives  a  greater  thickness  to  the  lowest 
limestone,  and'  in  addition  about  eleven  feet  of  shale,  thin  lime- 
stone and  sandstone  which  were  then  exposed . 

♦Gool.  of  Iowa,  C.  A.  Whit*-,  1«70,  pp.  a\S-3a9. 
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X     GENERAL  SECTION  IN  THE  BLUFF  IN  SSC.  2a.  SCOTT  TOWNSHIP. 
FREMONT  COUNTY. 

13.  Dark  bluish  gray,  almost  black,  limestone  with  some 
irregular  seams  of  sandy  material  and  occasional 
sinuous  accretions  of  black  chert.  A  hand  spec- 
imen was  seen  to  consist  of  a  matrix  of  fine  but 
blotchy  and  variable  texture,  finer  where  holding 
most  fossil  fragments  and  coarser  where  these  are 
absent:  In  this  matrix  are  clean  and  unworn 
fragments  of  unassorted  sizes  of  shells,  crinoid 
joints,  spines  of  brachiopods,  small  bivalves  and 
gasteropods.  There  are  also  occasional  minute 
grains  of  pyrites  and  of  siliceous  material.  Fos- 
sils: Septoporabiserialis^  Fenesiella^l^^Rhmnbo- 
pora  Upidodendroides,  Cy there  (frequent)  and  Pro- 
ductus  longispinus  (?) 2^ 

12 .  Shale ,  gray  or  almost  black  above  and  yellow  below . 
Contains  many  fossils  near  the  middle.  In  the 
lower  part  there  are  round,  yellow,  calcareous 
concretions.  The  bulk  of  a  hand  specimen  was 
seen  to  consist  of  a  rather  well  assorted  silt  of 
quartz  grains,  free  from  clay.  It  contained  thin 
flakes  of  organic  shells,  minute  chitinous  organic 
fragments.  The  fossils  are  mostly  distorted  spec- 
imens of  Productus.  Myalina,  Dsrbya  crassa  and 
Seminula  argeniea 5 

11.  A  somewhat  disintegrated  and  soft,  yellow,  oolitic 
limestone  of  unique  aspect.  Two  hand  specimens 
were  seen  to  differ  chiefly  in  the  quantity  of  the 
matrix,  scanty  in  one  and  copious  in  the  other. 
The  matrix  is  compact  and  in  places  semitrans- 
parent.  The  oolitic  spherules  are  unassorted, 
ranging  in  size  from  1  to  3  millimeters  in  diameter. 
The  larger  ones  especially,  have  a  rough  surface 
and  are  generally  elongated  and  elliptical  in 
longitudinal  section,  and  also  flattened.  They 
mostly  have  a  flat  shell  fragment  for  a  center  and 
this-  is  covered  by  a  thick  deposit  of  irregular, 
wrinkled,  concentric  calcareous  layers,  rather 
soft.  Some  were  seen  to  have  been  fissured  as  by 
pressure,  the  fissures  being  healed  with  calcite. 
Some  dark  spherules  were  also  noted,  resembling 
organic  fragments.  The  matrix  also  held  unworn 
and  clean  shell  fragments  and  small  spires  of  gas- 
teropods. The  mass  is  cut  by  minute,  healed 
fissures 1 

10.  Gray  limestone  in  a  single  strong  ledge,  with  here 
and  there  crevice-like  extensions  of  crystalline 
and  travertine-like  calcareous  material .     A  ground 
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Specimen  was  seen  to  consist  of  an  agg;lomeration 
of  organic  fragments  of  two  sizes.  The  larger 
ones  range  from  1  to  20  millimeters  in  diameter 
and  are  surrounded  by  a  tufaceous  crast  oV  soft 
calcareous  material  of  light  color.  These  lie  in 
all  attitudes  in  a  copious  matrix  of  smaller  en- 
crusted organic  particles  averaging  .2  millimeters 
in  diameter.  Bryozoa  and  joints  of  criuDid  stem> 
were  noted ....   3}4 

9.  Gray  calcareous  shale  with  many  fossils,  such  as: 
Rh?mbjpora  lepidodendroides ,  other  bryozoa, 
Archaocidaris  acuUaia,  plates  of  Scaphiocrinus 
(?)  and  Zeacrinus  (?)  joints  of  crinoid  stems, 
Spirifer  camfratus,  Dielasma  boviden%^  AmboccRlia 
planoconvex  ly  Chonetss  granulifera,  Bsrbya 
crassa,  Productus  punctatus,  P.  semireiiculatis , 
P.  nebraskensis ,  P,  pratienianus ,  P.  perlenuis^ 
Myalina  subquadrata,  Edmondia  nebraskensis 
(?) ,  Alloristna  subcuneata,  Nucula  beyrichia  (?) , 
Modiola  subelUptica  (?),  AviculopecUn ,  sp., 
Schizodus  (?),  Euomphalus  rugosus,  Bellerophon 
carbonaria^  MurchUonia^  sp.,  Cythere^  sp. 
About  seven  feet  below  the  top  of  this  shale  is  a 
ledge  of  limestone  one  foot  thick.  This  contained 
a  flat  fish  tooth.  A  ground  specimen  of  this  ledge 
was  made  up  of  a  spare  matrix  of  translucent 
calcite,  in  which  were  imbedded  numerous  minute 
but  delicately  marked  tubular  bodies  of  vanring 
length  and  shape  ranging  from  less  than  .X  to  .2 
millimeters  in  diameter,  some  being  rounded  and 
short  so  as  to  resemble  oolitic  grains.  There  are 
also  larger  rounded  and  incrusted  flat  organic 
fragments,  some  of  very  dark  color,  as  well  as 
some  clean  thin  shell  fragments,  and  entire  small 
brachiopods  and  gastcropods 11 

8.     Limestone,  with  some  shale,  not  well  exposed.   ...  3 

7 .  Light  gray  marl  with  quartz  particles  of  small  size . 
When  washed  it  yields  fragments  of  echinoderms 
such  as  spines  of  Eocidaris  halliana^  ioints  of 
crinoid  stems,  spines  of  various  echinoderms  and 
brachiopods,  chitinous  denticles  and  Cy there 1 

G  Gray,  compact  limestone  in  a  single  ledge,  which  has 
a  decided  tendency  to  break  along  vertical  joints. 
A  ground  specimen  is  seen  to  consist  of  a  matrix 
of  minute,  ill-defined,  calcareous  particles  or 
mud  and  in  this  are  imbedded  a  few  large  scattered 
clean  and  angular  organic  fragment;).  There  are 
occasional  cavities  and  fissures  filled  with  calcite, 
often  laminated  like  travertine.     Fossils:    spires 
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of  small  gasteropods  and  Rhombopora  Upidoden- 
draides % 

5 .     Grayish  yellow  shale 1 

4  A  solid  ledge  of  yellowish  gray  limestone.  A 
ground  specimen  is  seen  to  be  made  up  of  flat, 
rounded,  organic  fragments  mostly  from  1  to  2 
millimeters  in  diameter  lying  in  a  horizontal  posi- 
tion. There  is  hardly  any  matrix  but  the  frag- 
ments are  covered  by  an  oolitic  crust.  Fossils 
occasionally  seen:  Bryozoa,  small  spires  of  gas- 
teropods and  joints  of  cricoid  stems  ; 3}^ 

3.  Ash  gray,  shaly  marl  or  limestone,  yellow  below, 
weathering  into  flat  chips.  A  lump  hard  enough 
to  be  ground  consisted  of  a  maWy,  dark  gray  and 
so^t  matrix,  with  scattered  clean  organic  frag- 
ments, and  occasional  small  grains  of  quartz. 
Fossils  noted:  Fnsulina  cylindrica  (gibjbous), 
bryozoa,  AmboccsUa  pianoconvexa^  Axophyllum 
rude.  (?)  spines,  body  plates  and  jaw  plates  of 
Archaeocidaris,  and  a  foraminifer 2 

2.  Strong,  yellowish  gray  limestone,  consisting  of  a 
copious  ma^s  of  finely  fragmental  matrix  holding 
a  few  scattered,  rather  large  shell  fragments  and 
occasional  fusulinas 2 

1.  Solid  ledges,  from  4  to  10  inches  thick,  of  a  gray 
limestone,  the  ledges  running  in  irregul  riy  wavy 
courses 5 

XI.     SECTION  IN  A  RAVINE  IN  THE  NW.  M  OF  THE  SW.  ^  OF  S:  C    '.S,  SCOTT 
TOWNSHIP,  FREMONT  COUNTY. 

PEKT. 

IG.  Dark  gray,  rather  hard  limestone,  weathering 
brown.  A  polished  specimen  was  seen  to  consist 
of  clean  shell  fragments  from  2  to  3  or  4  millimeters 
in  diameter,  scattered  in  clusters  in  a  matrix 
which  was  partly  transparent.  This  matrix  also 
contains  tubular  bodies  that  appear  like  rings  in 
cross  section,  1  millimeter  in  diameter  or  less, 
delicately  marked.  Occasionally  cross  sections 
of  several  contiguous  individuals  appear  like  a 
chain.  Fossi  s:  Derbya  crassa^  Fusulina  cylind- 
rica, Myalina  recurvirostris  and  some  bryozoa. 
The  rock  also  contains  horizontally  placed  plates 
about  2  millimeters  thick  of  vertical  prismatic  or 
fibrous  structure.  The  material  in  these  plates 
is  calcite,  highly  bituminous  and  of  brown  color. 
Each  prism  shows  delicate  straight  lines  trans- 
verse to  tho  axis  of  theprisn>.  The  ^ges  of  these 
plates  are  square.  They  are  probably  of  organic 
origin ,  as  fragments  of  some  broken  shells 3 
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15.     Concealed  (shale,  marls  and  coal)  about 12 

14  Bluish  gray  limestone  of  fine  texture,  with  some 
arenaceous  material.  It  has  very  regular  bedding 
planes  and  is  cut  by  vertical  joints.  It  contains 
calcareous  cone- in- cone  structures   forming  thin 

plates  with  fine  striations  on  the  surface 2 

13,     Dark  and  bituminous  limestone 4 

12.    A  dark  and  coaly  shale 2 

Number  13  in  the  above  is  identical  with  number  13  in  the 
previous  section.  Part  of  the  concealed  strata  are  the  shales, 
coal  and  marls  described  as  numbeis  21  and  27  in  White's  sec- 
tion already  referred  to  and  are  also  to  be  correlated  with  num- 
bers 1  to  7  in  the  section  on  Indian  creek  (No.  XII).  At  this 
latter  place  the  first  six  numbers  are  exposed  in  and  about  a  pit 
made  in  prospecting  for  coal. 

Xlf.     SECTION  ON  INDIAN  CREEK  IN  THE  SW.  ^4  OF  THE  SE.  S  OP  SBC.   U, 
SCOTT  TOWNSHIP,  FREMONT  COUNTY. 

FEET. 

10.     Dark  fissile  shale 1 

9.  Limestone  of  dark  color,  bituminous,  weathering 
to  brownish  yellow  color.  When  polished  it  is 
seen  to  consist  of  thin  and  curved,  flat  fragments 
mostly  in  a  horizontal  position .  They  have  a  thin 
white  encrusting  coat.  A  clastic  matrix  is  absent 
but  the  fragments  are  firmly  held  together  by  what 
appears  to  be  infiltered  translucent  calcite.  Some 
hard  red  grains  are  to  be  seen,  probably  partially 
oxidized  pyrites.     Some  siliceous  material  is  also 

present 3 

8.     Concealed,  probably  only 1 

7.  Grayish  yellow  marly  material  containing  a  small 
Productus  (longispinus  ?)  joints  of  crinoid  stems, 

Ammodiscus  and  denticles  of  annelids 1 

6.     Black  shale .' 2 

5.  Gray  or  bluish  gray  marly  shale  with  a  small  admix- 
ture of  fine  siliceous  sand,  some  mica  scales  and 
fragments  of  shells:  Fossils:  occasional  small 
valves  of  Atnboccslia  pianoconvexa  ^  a  minute 
ostracod,  frequent  and  well  preserved  Ammodis- 
cus, and  a  rhizopod  like  Textularia IX 

4 .     Dark  shale \ 

3 .     Gray  shale 1 V3 

2.  Coal  containing  brown  flattened  macrospores  with 
three  radiating  lines  on  one  surface,  about  one- 
fifteenth  millimeter  in  diameter.  On  the  hori- 
zontal cleavage  plains  of  this  coal  some  straight 


H>  GEOLOGY   OF   MILLS   AND   FREMONT   COUNTIES. 

FEKT 

thread  like  impressions  were  noted  resembling 
very  slender  leaves  or  stems,  .01    millimeter    in 

diameter (?) 

1      Fireclay IK 

\    •      SRi'TlOX  OF  UPPER  PART  OF  THE  EXPOSURE  IN  BLUFF  NEAR  THE  NORTH. 
WKST  CORNER  O.^  SBC.  28,  SCOTT  TOWNSHIP,  FREMONT  COUNTY. 

FEXT. 

4  A  dark  oluish  limestone  of  line  texture  along  some 

layers  and  along  other  seams  almost  ^holly  made 
up  of  very  small  and  thin  shell  frag^nents,  lying 
flat,  barely  visible  under  a  good  hand  lens.  Thin 
and  wavy  plates  of  cone-in-cone  and  fibrous  cal- 

cite  occur  in  this  ledge 2 

.V     Shalv  silt 1 

«\  I>ark  gray,  in  places  brownish,  limestone,  with 
some  fo>sils.  A  ground  specimen  is  seen  to  con- 
sist of  thin  pieces  of  shells,  1  to  3  millimeters 
across,  lying  flat  in  a  sparse  matrix  holding  also 

a  few  small  quartz  grains % 

I.  An  arenaceous  and  calcareous  rock  of  fine  texture 
and  of  bluish  color,  consisting  of  a  siliceous,  well 
assorted  silt  or  sand  imbedded  in  calcareous 
material.  It  contains  frequent  specimens  of  a 
Cy there,  also  a  Penestella,  other  bryozoa,  and 
fragments  of  brachiopod  shells 2}4 

\.\       vtKNKKVl,   SKCTION   OF   SEVERAL  EXPOSURES   NEAR   THE   CENTER  OF  THE 
Nv^KVH  LINE  OF  SEC.  35,  SCOTT  TOWNSHIP,  FREMONT  COUNTY. 

VBXT. 

^  UUie  limestone  weathering  brown  with  many  joints 
ot  crinoid  stems  and  broken  into  a  discontinuous 
fitratum  of  small  bowlders (?) 

5  Chocolate  colored,  sparingly  sandy   shale,    marly 

and  slightly  micaceous,  containing  horizontal 
Hfams  of  small  calcareous  nodules  of  gray  color. .  3>^ 
*  Vrllow  marl  with  small  calcareous  nodules,  about. .  5 
«^  ^;tAV  marl  with  many  fossils:  Ammodiscus,  Lypho- 
f^kxtlum  proliferum  (?),  Fistulipora  nodultlera 
^  flattened) ,  Rhombopora  Upidodendroides ,  Sepio- 
p^ipu  biseriaiis^  Polypora  submarginaia  (?),  Fen- 
fxUiia  (?),  Choneies  granulilera^  Ch.  vernui liana, 
\p9f$fer  camera ius,  SpirifeHna  kentuckensis ,  Pug- 
#,!«'  uta,  Syntrielasma  hemipiicata,  Amboccelia 
K^mx'onvexa  (both  valves) ,  Productus  setniretic- 
nht^s,  Murchisonia  {l),Nucula  (?),  denticles  of 

iMxtwD  color 1 

\  Sx^tt  Mruy  limestone  with  some  fossils.  In  the  lower 
\sAX\  of  the  ledge  vermicular  vertical  extensions  of 
x^f^tK    material   were   noted.     The   rock   contains 
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rsBT 
clean  organic  fragments  in  an  almost  structureless 
matrix 7 

4..  Hard  blue  limestone  with  many  crinoid  stems  and 
cut  by  vertical  joints.  A  ground  specimen  shows 
occasional  fusulinss  and  clean  and  also  incrusted 
fragments  of  shells  imbedded  in  a  copious  dark 
matrix  mostly  structureless,  but  also  showing 
indistinct  small  granules.  The  organic  particles 
seem    to  be   indurated,   as   if    by  infiltration   of 

silica,  exposed  about 1 

(Below  this  there  were  some  3  or  4  feet  not  ex- 
posed. Most  of  this  space  is  apparently  taken  up 
by  limestone ,  which  has  been  quarried  and  is  now 
covered  by  debris.) 

3.  Red  shales  containing  fine  quartzs  and,  some  mica 
and  some  calcareous  material.  The  lat'er  ?s 
mostly  gathered  into  gray  concretions,  less  than  1 
millimeter  in  diameter 2 

2.  Grayish  blue,  finely  arenaceous  silt  with  some  mica- 
Some  seams  are  hardened  by  the  deposit  of  a 
strong  intersticial  cement  of  calcite 6 

1.     Red  shale ^ 

The  above  section  is  not  quite  continuous.  Numbers  1,  2  and 
3  are  seen  in  the  bank  east  of  the  wagon  road,  and  the  remaining 
numbers  appear  in  a  quarry  in  the  slope  above.  About  fifteen 
feet  below  its  base  there  is  seen  in  the  ditch  along  the  road  lead- 
ing west,  some  twenty  rods  distant,  a  limestone  which  is  much  dis- 
integrated. 

Between  the  road  and  the  creek  on  the  north  line  of  the  north- 
west quarter  of  section  31  in  Green  township,  east  of  Thurman,  is 
an  old  quarry  now  concealed.  Some  blocks  of  a  sound  hard  lime- 
stone were  seen  in  the  rubbish  which  was  overgrown  with  under- 
brush. 

Section  XV  which  follows  is  seen  south  of  Thurman  and  in- 
cludes two  exposures  about  two-thirds  of  a  mile  ai>art.  Numbers 
1  to  4  are  seen  east  of  the  wagon  road  in  the  northwest  quarter 
of  the  southwest  quarter  of  section  12  and  numbers  4  to  6  appear 
in  the  northwest  quarter  of  section  13,  the  limestone  in  both  places 
appearing  to  be  the  same  (number  4).  Near  the  latter  place  a 
well  was  made  west  of  the  wagon  road,  and  a  limestone  was  en- 
countered some  forty  feet  below  the  exposed  shale. 
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6.     Bluish  gray  sandstone  of  fine  texture,  cemented  by 

a  crystalline  calcareous  matrix }>i 

5.  Gray  shale,  not  calcareous,  evidently  in  part  origi- 
nally a  black  shale 10 

4.  A  dark  gray,  blotched  limestone  cut  by  straight  and 
vertical  joints  into  large  blocks  and  containing 
numerous  spheroidal  calcareous  lumps  about  one- 
fourth  inch  in  diameter.  In  section  is  seen  to  be 
composed  of  an  agglomeration  of  indurated  lumps 
of  calcareous  mud,  of  all  sizes  up  to  one-half  inch 
in  diameter  and  of  varying  color  due  to  weath- 
ering. The  larger  of  these  are  themselves  occa- 
sionally composed  of  agglomerations  of  smaller 
nodules.  Some  show  shrinkage  cracks  and  fissur- 
ing.  In  this  mass  are  a  few  shell  fragments,  joints 
of  crinoid  stems  and  quartz  grains 3 

3.     Soft  bluish  gray  shale  (partially  concealed) 2 

2.  Grayish  blue  sandstone  of  fine  texture  and  indurated 
by  a  crystalline  calcareous  matrix,  in  straight 
layers  below  and  ripple  bedded  above. 3 

1 .  Shale,  not  well  exposed 1 

Concealed 40 

Limestone 3 

XVI.  ::SECTiON  IN  A  QUAR?*Y  BAST  OF  THE  CENTER  OP  THE  WE3T  LINE  OF 
THE  NW.  1^  OF  SBC.  2?,  SCOTT  TOWNSHIP,  FREMONT  COUNTY. 

FEET. 

2.  Gray  marl  with  fossils Vi 

1.  Limestone,  blue  and  hard  bel)w,  softer,  gray  and 

more  fossiliferous  above.  In  a  ground  specimen 
the  rock  is  seen  to  consist  of  a  copious,  compact, 
structureless  and  dark  gray  matrix,  in  which  lie  a 
few  clean  organic  fragments  and  also  some  very 
unevenly  distributed,  oblate  or  round  oolitic  grains 
with  thick  crust.  In  places  the  exterior  of  this 
oolitic  crust  is  replaced  by  iron  pyrites.  Fossils: 
Rhombopora  Upidodendroides  ^  Productus  costatus, 
P,  coray  P.  nebraskensis ,  S'^minu/a  argehtea 
(\&rge) ,  O  refits  ?  {l&rge)  ^  My  a  Una  swallow  i ,  Avic- 
ula  longa^  Alorisma  subcuneata,  Entolium  avic- 
ulatum,  Aviculopinna  americana,  Sphaerodotna 
pHmogen  us 2^ 

XVII.      EXPOSURE  IN  THE  ROAD  NEAR   THE   EAST  LINE  OF  SEC.    6, 
WASHINGTON  TOWNSHIP,  FREMONT  COUNTY. 

FEET. 

2.  A   decayed  limestone  originally  dark  in  color  and 

containing  sand  and  mica  scales,  being  largely  a 
mixture  of  encrusted  shell  fragments  and  calcare- 
ous mud }4 

1.     Gray  shale,  originally  dark 2 
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HAMBURG. 


7.  Gray  shale,  somewhat  disintegrated  and  leached, 
giving  no  response  to  acid  and  evidently  origin- 
ally dark,  containing  disc-shaped  concretions  of 
iron  pyrites  about  an  inch  in  diameter  and  a  few 
thin  seams  of  arenaceous  material  above.  When 
washed  it  yielded  brown  scales  of  rhomboid  form, 
some  fine,  tubular  and  jointed  bodies  and  a 
rhizopod  resembling  a  textularia 15 

6.  A  dark  gray,  arenaceous  limestone  with  occasional 
scales  of  mica.  On  a  polished  surface  the  sand 
grains  were  seen  to  measure  from  one-eighth  to 
one-fourth  millimeter  in  diameter.  In  the  main 
it  is  breccia  of  organic  fragments  with  a  sparse 
matrix,  one-half  of  the  bulk  of  the  rock  consisting 
of  organic  fragments  more  than  one  millimeter  in 
diameter  and  surrounded  with  a  crust  of  structure- 
less material.  There  are  also  some  imbedded 
minute  tubules  about  one  millimeter  in  diameter. 
Occasionally  there  are  imbedded  lumps  of  lighter 
color.  Fossils:  Bryozoa,  fish  teeth  (?) ,  chitonous 
denticles  of  small  size,  and  poorly  preserved  speci- 
mens of  Ammodiscus ^ 

5.     Gray,  calcareous  and  arenaceous  shale X 

4.     Bluish  gray  rock  consisting  of  fine  sand  and  organic 

calcareous  fragments  slightly  encrusted ^  > 

3.     Shale 4 

2.  Pine-grained,  blue  sandstone  with  a  crystalline 
calcareous  cement  and  showing  ripple  marks 2 

1.  Shale,  micaceous,  arenaceous  and  slightly  cal- 
careous ,  exposed 1 

These  exposures!  are  somewhat  scattered,  some  being  seen  on 
the  street  north  and  some  on  the  street  south  of  the  high  school 
grounds.  A  ledge  of  limestone  was  also  seen  below  the  bluff  to 
the  north  near  some  wells  which  furnish  part  of  the  city  water. 
This  probably  corresponds  with  number  6  in  the  above  section. 

SECTIONS  IN  THE  UPLANDS  EAST  OF  HAMBURG. 

XIX.      SECTION  IN    THE  CREEKS  IN  8E.   H  OP  SEC.    13  AND  ADJOINING 
QUARTERS  OF  SECS.   18  AND  24.  TWO  MILES  EAST  OF  HAMBURG. 

FEET.      IN- 
CHS8. 

26.  Gray  shale,  not  calcareous,  composed  of  fine 
silt  and  containing  very  little  arenaceous  ma- 
terial    7 

25.     Dark  gray  marl,   composed  largely  of  minute 
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organic  frag^ments.  Fossils;  Rhombopora  lep- 
idodendroideSt  Amboccelia  planoconvexa^  Am- 
fnodtscus  (?)  and  minute  conical  fluted  fish 
teeth,  rhomboidal,  brown,  small  but  thick 
enameled  fish  scales  (measuring  one-third  mil- 
limeter across) ,  spines  and  flakes  of  brachiopod 

valves 1 

24.  Dark,  almost  black,  arenaceous  limestone.  In 
a  polished  specimen  it  is  seen  to  consist  of  a 
matrix  of  fine  calcareous  material  mixed  with 
fine  quartz  sand  and  a  few  mica  scales.  In 
this  are  embedded  numerous  worn  fragments 
of  shells  and  other  animal  remains,  and  also 
occasional  lumps  of  greenish  clay  and  calca- 
reous material.  All  of  the  fragments  have  a 
more  or  less  calcareous,  accretionary  crust .  In 
some  cases  the  fr.'igment  is  small  and  the  crust 
thick  so  as  to  make  true  oolitic  sperules  with 
organic  centers.  Joints  of  crinoid  stems  occur. 
Some  of  the  calcareous  lumps  are  a  half  inch 
in  diameter  and  have  concentric  layers  sur- 
rounding a  dark  structureless  center  showing 
healed  shrinkage  cracks.  The  shell  fragments 
range  in  size  from  2  to  10  millimeters.  Fos- 
sils observed:     Detbyacrassa  and  Rhomboporn 

lepidodend\  oidfs 1 

23.  Fine-grained,  bluish  and  micaceous  sandstone 
weathering  to  yellow  and  brown.  The  sand 
is  cemented  by  a  crystalline  calcareous  matrix 
The  sand  is  well  assorted,  consisting  mostly 
of  grains  ranging  from  one-fourth  to  one-six- 
teenth millimeter  in  diameter  and  with  angular 
contours.  A  few  grains  have  a  green  color. .  10 
22.  Micaceous  and  arenaceous,  grayish  blue  silt  or 
shale  of  finer  texture  than  the  previous  number, 
and  lacking  the  calcareous  cement,  but  other- 
wise of  similar  composition 3 

21 .     Seam  of  sandstone  like  number  23 G 

20.     Blue  shale  like  number  22 2  6 

19.     Ripple  bedded  sandstone  like  number  22 8 

18.     Concealed ? 

17.     (Jray  shale 4 

lo.  Dark,  shaly  and  soft  limestone  more  indurated 
above  and  softer  below,  filled  w.th  fossils  and 
containing  bits  of  black  woody  tissue.  In  a 
polished  specimen  it  is  seen  to  consist  of  an 
unassorted  mixture  of  clean  shell  fragments 
of  all  sizes  and  impalpable  calcareous  mud. 
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There  is  also  a  very  small  admixture  of  minute 
quartz  particles  aod  some  granules  of  pyrites  of 
iron.  Fossils:  Derbya  ctassa^  Pleurol<nnaria 
perhutnerosaf  Spirit er  caffteratus^  Productus 
punctatus^  P.  semireiiculatus^  P.  longispinus , 
P,  costatuSt  Chonetes  gfanutifera,  /Itnbocoetia 
planoconvexa^Macrodon  tenuis  tr la  tis{  'i)Edmon' 
dia  nebraskensis  (?)  Afia/ina,  Nucula  (?)  Schi- 
zodus  (?)  Rhombopora  i epidodindt oides ^  joints 
of  crinoid  stems,  chitinous  denticles  of  anne- 
lids and  calcareous  tubules 3 

15.  A  pure  coal  with  black  streak  and  with  thin  hor- 
izontal seams  of  charred  woody  fibre.  When 
ground  it  yields  frequent  macrospores,  flat- 
tened, brown,  two-thirds  millimeter  in  diam- 
eter with  three  radiating  ribs  on  one  face. 
At  the  outcrop  the  thickness  is  only 1  2 

14.  Yellowish,  evidently  somewhat  weathered  fire 
clay ,  seen 1 

13 .     Concealed ? 

12.  Shale,  highly  weathered  and  including  above 
some  indistinct,  highly  dihintegrated  layers  of 
gray,  yellow  limestone  or  marly  beds 22 

11.  Dark  limestone,  easily  broken  and  containing 
many  fossils.  When  ground  and  polished  it 
is  seen  to  be  an  organic  breccia  with  a  some- 
what copious  and  dark  argillaceous  matrix. 
The  shell  fragments  are  clean  and  somewhat 
rounded  by  attrition.  It  contains  horizontally 
placed  thin  seams  of  brownish  and  vertically 
fibrous  calcite.  Fossils:  Joints  of  crinoid  stems, 
Rhombopora  lepidodendroides ,  other  bryozoa, 
Productus  nebraskensis,  Bellerophon  montforti- 
anus,  Schizodus  (apparently  several  species) , 
tUntalium  (?)  and  Ammodiscus 7 

10.     Darkshale 3  6 

9.  Dark,  almost  black  limestone.  In  a  polished 
sample  it  is  seen  to  be  an  unassorted  shell 
breccia,  in  which  the  matrix  is  very  sparse. 
The  fragments  are  clean ,  and  mostly  unworn . 
Mingled  with  these  are  some  round  lumps  of 
compact,  apparently  clastic,  calcareous  mate- 
rial. Throughout  the  mass  there  are  small 
tubules  from  .05  to  2  millimeters  in  diameter, 
curved  and  sometimes  placed  side  by  side  in 
rows,  or  other  groups.  Granules  of  pyrites 
occur.  When  crushed  and  washed  the  rock 
yields  some  small  lamellibranchs 3 
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FEET.      IV- 


8.     Dark  bluish  shale,  weathering  to  yellow 3 

7.     Concealed,  probably  shale,  about, 3 

6.  Grayish,  light  colored  limestone.  On  a  polished 
surface  it  is  seen  to  consist  of  a  copious,  al- 
most structureless  and  compact  matrix  which 
is  fissured  by  many  minute  joints  healed  with 
calcite  as  if  incipiently  brecciated.  In  this 
matrix  are  held  frequent  fusulinas  and  a  few 
scattered  shell  fragments  of  about  the  same 
size.  Fossils:  Joints  of  crinoid  stems,  Pusu- 
Una  cvUndrica ,  Rhombopora  Upidodendroides , 

Productus  semireticulatus 2 

5 .     Concealed " ? 

4.  Limestone,  yellowish  gray,  very  much  decayed 
above.  A  sound  hand  specimen  exhibited  a 
texture  and  structure  like  that  in  number  6, 
except  that  it  contained  some  lumps  showing 
a  lighter  color  than  the  rest  of  the  mass.  Fos- 
sils: Septopora  biserialis^  Fistulipora  noduli- 
feray  Fusulina  cylindrica  (long  and  slender^, 
jaw  plate  of  Archaeocidaris  and  joints  of  cri- 
noid stems 4 

3.  Shale,  dark  bluish  gray  below  and  yellow  above, 
a  sample  from  the  lower  part  contained  a  few 

mica  scales  and  was  also  calcareous 8 

2 .     Concealed  4 

1.  Greenish,  dark  gray  limestone  with  many  fusu- 
liaasand  consisting  of  a  copious  matrix  of  fine 
texture  containing  unassorted  organic  frag- 
ments. Fossils;  crinoid  stems,  some  bryo- 
zoa,  small  gaste-opods,  Fusulina  cylindrica 
(long  and  slender,  sometimes  twisted,  forms)  .   1 

Numbers  1  to  4  appear  in  a  creek  a  little  south  of  the  center 
of  section  13,  close  to  the  wagon  bridge.  Numbers  6  to  12  are 
seen  about  a  quarter  of  a  mile  farther  up  in  the  same  creek,  at 
successive  points.  Numbers  14  to  17  outcrop  close  to  the  west 
section  line  in  the  creek  in  the  southwest  quarter  of  the  south- 
west quarter  of  section  18  (Tp.  67  N.,  R.  XLI  W.),  and  nimabers 
18  to  25  appear  in  a  tributary  from  the  south  in  section  24  (Tp. 
67  N.,  E.  XLII  W.).  Though  separated  by  a  distance  of  about 
a  half  mile  it  is  quite  evident  that  they  occur  in  the  succession 
indicated. 
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XX.  OUTCROP  UNDER  THE   BRIDGE   ONE-QUARTER  OF  A  MILE  WEST  OF  THE 

SOUTHEAST  CORNER  OF  SECTION   18.  MADISON  TOWNSHIP, 
FREMONT  COUNTY. 

The  following  outcrop  is  probably  included  in  the  highest 
number  of  the  previous  section. 

FEET. 

3.     Dark  compact  limestone  with  clean  shell  fragments, 
only  loose  blocks  seen^. ? 

2.  Concealed ? 

1.  Blue  shale,  free  from  calcareous  material  and  con- 

taining no  fossils 5 

XXI.  SECTIONS  IN  TWO  WELLS  IN  THE  SW.   H  OF  SEC.  1,  TP.  67  N.,  R.  XLII  W. 

Bridges'    Well. 

FEET. 

3.  Drift  and  probably  shale 39 

2.  Disintegrated  limestone  with  Productus  and   other 

fossils,  about 1 

1.  Coal,  about 1^ 

McMillan's   Well. 

FEET. 

2.  Drift 48 

1.  Blue  sandstone  of  fine  texture  with  some  shale 8  ? 

Bridge's  well  has  its  curb  about  fifty  feet  below  McMillan's 
well  and  the  coal  which  was  explored  there  no  doubt  lies  some  dis- 
tance under  an  arenaceous  rock  which  was  penetrated  near  the 
bottom  of  Bridges'  well.  Both  of  these  wells  are  near  the  south 
line  of  the  section,  and  the  latter  is  farthest  to  the  east.  Another 
of  Bridges'  wells  is  on  higher  ground  about  80  feet  above  his 
lower  well.    The  section  of  this  one  is  as  below: 

XXII.  SECTION  OF  BRIDGES'  UPPER  WELL,  IN  THE  SW.  U  OF  SEC.  1,  TP.  67  N. , 

R.  XLII   W. 

FEET. 

7.  Drift 30 

6.  Shale 12 

5.  Coal l}4 

4.  Shale 5>^ 

3 .  Limestone 1 

2.  Shale  with  some  seams  of  limestone 24 

I .     Limestone 4 

The  elevation  of  the  curb  of  this  well  is  about  1,030  above  sea 
level,  or  about  130  feet  above  the  bottoms  to  the  west. 


156  GEOLOGY    OF    MILLS    AND    FREMONT    COUNTIES. 

XXIII.      SECTION  ON  MJLL  CREEK  NI^AR  THE  CENTEI^  OF  THK  SW.   ^  OF  SEC. 
aj.   RIVERTDN  TOWNSHIP,    FREMONT  COUNTY. 

FKET. 

[).     Shale,  yellow  and  weathered 10 

8.  Three  or  four  ledges  of  solid  and  strong  limestone 
separated  by  seams  of  greenish  shale.  One  of 
the  ledges  from  the  lower  part  of  the  number  is  a 
gray  lock  and  contains  copious  clean  fragments 
of  crinoid  stems,  brachiopod  shells  and  plates  and 
spines  of  Encidaris  hallatius  ( ?).  One  of  the  ledges 
above  is  unique  in  structure.  It  is  hard  and  white, 
and  is  composed  of  thin  and  rounded  fragments 
of  shells,  all  horizontally  placed.  They  measure 
from  1  to  2  millimeters  in  width,  and  lie  embedded 
in  a  matrix  of  clear  crystalline  calcite.  The  frag- 
ments themselves  appear  as  if  consisting  of  the 
same  material,  their  outlines  merely  being  marked 
by  thin  white  lines.  Occasional  specks  of  iron 
pyrites  appear.  On  one  surface  of  this  ledge 
were  noted:  Myalina  swallowi  (?j  Aviculopecien 
whiteyi  and  Brlleiophon  marcouanus 3 

7.  Yellow,  slightly  ocherous  marl,  or  decayed  lime- 
stone     2^2 

J).  Blue  calcareous  shale  with  yellow  blotches  and  small 
compact  concretions  above.  Organic  fragments 
and  some  sand  grains  occur 4 

5.     Concealed,  probably  limestone,  about 2 

4.     A  thin   seam    of   soft   sandstone  composed  of    fine 

quartz  grains,  well  assoited,  with  some  mica '6 

3.     Friable  and  somewhat  shaly  silt  with   some  seams 

very  micaceous 4^2 

2.  A  fine-grained  and  micaceous  sandstone  firmly 
cemented  by  cr>'stalline  calcite,  varying  in  color 
from  bluish  gray  to  brown,  and  containing  occa- 
sional small  joints  of  crinoid  stems 2 

1.  Bluish  gray  shale  interbedded  with  reddish  arena- 
ceous seams,  somewhat  micaceous.  Large  and 
ramifying  calcareous  concretions  are  lodged  in  ver- 
tical or  inclined  joints  which  appear  on  the  exposed 
surface 8 

SCATTERED  EXPOSURES. 

The  narrowing  of  the  Silver  creek  bottoms  houtli  and  west  of 
Malvern  indicates  the  presence  of  l)ed  rock.  It  rises  above  the 
level  of  tlie  bottom  in  some  places  along  the  bluffs  in  section  5, 
Tp.  71  N.,  R.  XL  W.,  and  limestone  has  l)een  quarried  at  a  few 
points,  including  the  place  where  the  following  section  was  ob- 
serv^ed. 
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XX[y.     SBOnON  NBAR  tee  BA.NB:3  O?  SILVBR  ORESK  ONB-THIRD  mile  WB9T  OF 
TAB  OJa^TBR  OP  SBCTION  5,  WHITE  OLOCTD  TO  UNSHIP,  MILLS  COUNTY. 

TKET. 

6.     Marly   shale ^ 

5.  Grayish,  cream- colored ,  fusulina limestone  in  three 
or  four  strong  ledges.  The  fusulinas  with  some 
large  sized  fragments  of  shells,  lie  imbedded  in  a 
matrix  consisting  of  a  compact  mass  of  minute 
fragments  of  organic  material.  About  14  inches 
below  the  top  of  this  number  it  contains  a  layer 
of  black  and  in  places  gray  chert,  with  the  same 
texture,  including  the  fusulinas.  Fossils:  Fusu- 
Una  cylindrica,  Synngop^ra^  sp. ,  a  small gastero- 
pod  and  a  small  cyathophylloid  coral.  (This 
number  is  largely  removed  by  cavern  erosion. 
The  walls  of  the  old  caverns  are  in  places  covered 
by  a  stalactitic  crust,  and  the  cavities  are  filled 
with  bluish  cavern  clay) 6 

4.     Grayish   blue,    compact    limestone,    having    some 

fragments  with  oolitic  crust ^ 

3.     Concealed 2 

2.  A  yellow  limestone,    breaking    into    thin,   small, 

irregular  slabs  from  one  to  three  inches  in  thick- 
ness. It  is  composed  of  a  compact  matrix  of 
calcareous  mud,  in  which  are  imbedded  clean 
fragments  of  crinoid  stems,  bits  of  shells  and  a 
few  bryozoa  and  Fusulina  cylindrica 2 

1.  Limestone,  quarried,  but  now  concealed,  about. ...  3 

In  the  bed  of  Spring  Valley  creek  a  short  distance  to  the  south 
of  the  center  of  the  north  line  of  section  36  Rawles  townsliip, 
Mills  county,  some  limestone  was  once  quarried.  The  section  is 
as  given  below.  The  quarry  is  now  covered.  The  upper  ledge 
is  said  to  have  been  scored,  the  striae  bearing  in  a  northeasts 
southwest  direction.  Some  rocks  beautifully  scored  from  this 
edge  may  yet  be  seen  in  the  cellar  of  Mr.  John  W.  Glynn's 
house. 

XXV.     SBCnON    IN    SP.ilNQ   VALLEY   C.^EEK,  IN    SEJ.    33,  R.WVLBS   TOWNSHIP, 

MILLS  COUNTY. 

TRET. 

3.  A  dark  bluish  compact  limestone  containing  some 

clean  and  some  encrusted  organic  fragments  of 
varying  sizes,  among  which  some  small  spires  of 
gasteropods  and  some  joints  of  crinoid  stems  were 
noted.  Loose  pieces  of  fusulina  b3aring  rock 
were  observed V/t 

2 .  Shale ,  dark ,  not  well  exposed 2 
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1.  Compact,  yellowish  white  limestone  with  irregularly 

tubular  and  fissure-like  ramifying  cavities,  averag- 
ing one  millimeter  in  diameter  and  filled  with  clear 
calcite.  The  rock  consists  of  minute  organic 
particles  among  which  are  numerous  curving 
tubules,  less  than  one- tenth  millimeter  in  diameter. 
Along  some  irregular  streaks  the  rock  is  quite 
opaque  and  white,  but  otherwise  like  the  rest  in 
structure.  These  streaks  are  trenchantly  marked 
off  from  the  rest  on  a  ground  surface 1^ 

XXVI.    SECTION  IN  AN  OLD  QUARRY  ON  PLUM   CREEK  IN    THE  SW  K  OF  SBC.  i7, 
GREEN  TOWNSHIP,  FREMONT  COUNTY. 

FBET. 

2.  Grayish  yellow  marl  containing  fragments  of  Septo- 

pora  diseriaits,  spines  of  various  kinds,  joints  of 
crinoids  and  small  oval  shells  of  some  ostracods. .  3 
I.  Yellowish  white  limestone  consisting  of  a  matrix  of 
minute  'organic  fragments  with  oolite  incrusta- 
tions. In  this  lie  imbedded  larger  oolitic  sperules 
with  centers  of  dark  organic  fragments  sur- 
rounded by  thick  crusts  of  concentric  layers. 
The  largest  measure  2  millimeters  in  diameter. 
The  rock  is  cut  by  some  minute  fissures  healed 
by  crystalline  calcite 2  ? 

The  quarry  has  been  abandoned  and  is  now  almost  wholly 
covered  by  wash  from  the  creek.  The  above  section  lies  about 
fifteen  feet  above  the  water  in  the  creek. 

Correlations.^On  comparing  the  sections  just  described  it 
will  be  seen  that  V,  VI,  VII,  VIII,  IX  and  X  are  composed  of 
the  same  limestone  with  the  same  shales  overlying  in  V,  VI  and  X. 
Sections  I,  II,  III  and  IV  probably  underlie  these,  the  latter  at 
no  great  distance  below.  Number?  4,  5  and  6  in  XIV  are  per- 
haps identical  with  the  lower  main  limestone  in  V  and  VI.  Num- 
ber 9  in  XII  and  16  in  XI  are  identical.  Number  8  in  XXIV  is 
probably  the  same  as  4,  5  and  6  in  XIV.  Number  15  in  XIX  and 
number  2  in  XII  are  apparently  equivalents,  and  as  4  and  6  in 
XIX  resemble  1-4  in  X,  tlie  exposures  in  the  region  around  Ham- 
burg, which  are  represented  by  12-26  in  XIX,  probably  overlie 
all  of  the  rocks  exposed  in  the  country  north  of  Thurman.  The 
limestone  near  Malvern,  seen  in  section  XXV,  is  identical  with 
the  main  limestone  east  of  Wabonsie  lake,  3-5  in  V.  A  general 
section  for  the  two  counties  would  bonce  be  about  as  follows: 
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GENERAL  SECTION. 

FEET. 

8.     Shales,  with  one  or  two  thin  seams  of   limestone 

(19-26,  XIX) 20 

7.     Limestone  and  some  shale  (3  9,  XII) 5 

6.     Coal  (2,  XII,  IS,  XIX) 1^ 

5.     Shales  with  some  thin  seams  of  limestone  (7, 8,  XV).  30 
4.     Two  or  three  ledges  of  limestone  with  some  inter- 
bedded  shale  (10-14,  V,  5-10,  VI) 15 

3      Limestone  in  strong  quarry  ledges  (3-5,  V,  1,  VI, 

1-4,  X) 12 

2      Sandy  shales  with  seams  of  limestone  (III  and  IV)    10 
1-.     Limestone  (I  and  II) 8 

Total 101  Ji^ 

Number  3  in  this  general  section  is  the  equivalent  of  the  prin- 
cipal quarry  ledges  at  Macedonia  in  Pottawattamie  county  and 
numbers  5,  6,  7  and  8  are  the  equivalents  of  the  upper  part  of 
the  section  in  the  bluffs  below  Nebraska  City,  Nebraska.  The 
coal,  number  6,  is  probably  not  the  Nodaway.  At  least  it  differs 
from  this  in  always  containing  a  notable  number  of  macrosporee 
which  the  Nodaway  coal  does  not.  The  limestone  in  V,  VI,  VII 
and  VIII  is  believed  to  be  the  equivalent  of  numbers  1-3  in 
Meek's  Kock  Bluff  sections  in  Nebraska.*  The  entire  section,  in- 
cluding all  the  Coal  Measure  rocks  exposed  in  the  two  counties, 
belongs  to  the  Missourian  stage,  aud  presumably  overlies  the 
Nodaway  beds  of  the  same  stage. 

Geographical  Conditions:  Fauna  and  Flora. — The  geographi- 
cal conditions  imder  which  the  Missourian  deposits  were  laid 
down  are  to  be  made  out  from  the  physical  character  of  the  beds 
themselves  as  well  as  from  the  plant  and  animal  remains  which 
they  contain.  These  indicate  off-shore  conditions,  Such  as  pre- 
vail on  a  continental  shelf,  alternating  with  more  shallow  and  less 
open  waters.  A  considerable  part  of  the  shales  contain  fine,  are- 
naceous material  such  as  is  common  in  the  deposits  out  on  a 
continental  shelf.  The  limestones  indicate  a  still  more  open  sea. 
The  coal  seams  and  the  black  and  clayey  shales,  on  the  other 
hand,  were  laid  down  in  lagoons  nvar  the  shore.  Plant  remains 
are  rather  scarce  even  in  connection  with  the  coal  seams,  which 
:  themselves  have  a  small  development.     The  presence  of  Fusul- 

•  li<'i>ort  on  th<'  PaUH>ntoIojfy  of  Eastern  N<4)ra«ka,  F.  B.  Mook,  p.  1>5. 
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ina,  of  Ammodiscus,  of  other  foraminifera  and  no  less  the 
abundance  of  echinoderms  and  especially  crinoid  remains, 
testifies  to  the  presence  of  deeper  waters  at  intervals.  Below 
is  £?iven  a  classified  list  of  the  fossils  noted. 


Ferns,  wood  and  macrospores. 


Ammodiscus.* 
Fusulina  cylindrica . 
Textularia  f. 
Rhizopod  (plates) . 
Rhizopod  (tubes). 


PLANTS. 


ANIMALS. 


SPONGES. 


Sponge  {undet). 

COBLBNTERATBS . 

Axophyllum  rude, 
Campophyllum  torquium . 
Cyathophyllum  (small). 
LophophyUum  proliferum, 

BCHINODBRMS . 

Archceocidaris  aculeata . 

edgarensis, 
Archseocidaris  (spines.) 
Arch£eocidaris  (plates) . 
Archaeocidaris  (jaw  plate) . 
Eocidaris  kalliana . 
Erisocrinus  typus . 
Eupachycrinus  verrucosus, 
Scaphiocrinus  (plates). 
Scapkiocrinus  hemispherica . 
Zeacrinus  {?), 
Crinoids  (stems) . 
Crinoids  (plates). 

BRACHIOPODS. 

Ambocwlia  planoconvexa , 
C  honetes  granulitera . 
vemuiliana . 


Fistuliopra  nodulifera. 
Polypora  submarginata . 
Rhombopora  lepUJodendroides . 
Septopora  biseralis. 
Syringopora. 
Bryozoa  (undet). 

ANNELIDS 

Annelid  denticles. 

G  ASTBROPODS . 

Belleroi>hon  carbonaria . 
marcouanus, 
tnontfortanus,     • 

Bellerophon  (undet). 

Dentalium. 

Euomphalus  rugosus. 

Murchisonia . 

Pleurotomaria  perhumerosa . 

Pleurotomaria  (undet). 

Sphaerodoma  primogenius , 

Gasteropods  (undet) . 

LAMBLLIBRANCHS . 

Atlorisina  subcuneatufn. 
Aliorisma    (undet) . 
Avicula  longa. 
A viculopecten  whileyi . 
.Aviculopecten  (undet). 
Aviculopinna  americana. 
Chenomva  leavenworthensis . 

minnehaha , 
Edmondi  i  nebraskensis. 


♦  Foraminifera  are  present  in  the  entire  section  of  thas(»  two  counties,  more  or  less  freqaenily, 
excepting  the  sandstones  and  the  coarse  ^ilts.  Tlier  may  be  found  by  washing  the  marlH,  clajis 
and  enwhed  limestone.  8pe:'imens  have  been  submitted  to  Dr.  E.  Schellwein  of  Kbnigsberg, 
Germany,  who  has  identified  two  species  of  AmraodiseuH  belonging  to  the  subgenus  Pdam- 
mophis,  and  an  Eridothyra,  probably  identical  with  Endolhyra  parva  Moll.  Dr.  Schellweim 
reports  '  hat  one  of  the  species  of  Psammopliis  resembles  P.  inverstks,  out  the  shells  have  amore 
irregular  structure.  In  the  quarry  northwest  of  Bartlett  the  uoper  part  of  one  of  the  ledges  of 
limestone  conslHts  of  a  felt  of  the  irregularly  curving  tubular  shells  of  this  species,  the  interstioes 
having  been  filled  with  a  transparent  tiard  matrix  of  ca  cite.  This  layer  varies  from  three  to  five 
inches  in  thickness  and  runs  the  whole  length  of  the  quarry.  It  was  also  noted  in  the  same  led|;e 
^bont  four  miles  farther  south. 
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Chonetes  (undetermined). 
JDerdya  crassa, 
robust  a. 
Vielasma  bovidetis. 
Orbiculoidea  convexa . 
Orthis  (undet). 
Productus  cora, 

costaius. 

iongispinus . 

nebraskensis, 

per  tenuis . 

prattenianus . 

punciaius . 

semireiiculatus . 
Productus,  (undet). 
Puf^nax  uta . 
Seminula  argent ea . 
Spirt  fer  cameratus . 
Spiriferina  cristata . 

kentuckiensis . 
Syntrietasma  hemiplicata. 
JBrachiopods  (undet) . 


BRYOZOA. 


Fenestella. 


Edmondia  (undet). 
Eutolium  aviculatum. 
Macrodon  tenuistriatus  {f). 
Modiola  subelliptica, 
Myatina  recurvirostris . 
subquadrata . 
swallowi, 
Myalina  (undet). 
Nucuta  beyrickia  {/) . 
Nucula  (undet). 
Pinna  peracuta . 
Pseudotnonotis  hawni. 
Schizodus  wneeleri  (f) . 
Schizodus  (undet) . 
Solenomya  (undet) . 
Soienopsis  sotenoides, 
Lamellibranchs  (small). 

OSTRACODS . 

Cy there  (undet) . 
Ostracods  (undet) . 
Phiilipsia  (uUdet). 

FISHES. 

Fish  scales. 

Fish  teeth  (conical) . 


THE   CRETACEOUS. 


After  the  Coal  Measures  had  been  laid  down  the  bottom  of 
the  sea  was  elevated  and  became  land.  This  condition  appar- 
ently prevailed  during  the  greater  part  of  the  Triassic  and  Ju- 
rassic ages,  for  no  deposits  of  this  time  occur  here.  The  lands 
formed  from  the  Coal  Measure  sediments  were  then  subjected  to 
erosion  and  how  much  of  the  original  formation  was  carried  away 
cannot  now  be  told,  but  a  thickness  of  some  hundreds  of  feet  may 
very  well  have  been  removed.  The  conditions  were  again  reversed 
at  some  time  during  the  Cretaceous  age  and  the  region  was  sub- 
merged anew  and  covered  by  sediments  of  a  new  sea.  These 
later  deposits  are  quite  different  in  appearance  from  the  older 
and  resemble  in  this  country  the  Dakota  formation  of  the  Western 
Plains. 

During  tJie  Tertiary  age,  after  the  sea  for  the  last  time  disap- 
peared, the  Cretaceous  deposits  were  in  their  turn  carried  away 
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and  all  that  now  remain  of  them  are  a  few  remnants  of  the  lowest 
part  of  the  formation. 

There  is  no  doubt  that  small  patches  of  Cretaceous  deposits 
lie  under  the  drift  in  several  places  on  the  uplands,  where  they 
cannot  now  be  seen.  Sand  and  soft  * '  sand-rock ' '  have  been  found 
under  the  bowlder  clay  a  mile  east  of  Emerson.  Another  well 
in  the  west  bluffs  of  the  Nishnabotna  west  of  Henderson  pene- 
trated same  gravel  which  may  havf:  been  of  the  same  age.  On 
the  eroded  surface  of  the  limestone  in  the  quarry  at  Henton  there 
are  seen  some  disintegrated  lumps  of  a  brown  sandstone  which  re- 
sembles the  Cretaceous  in  appearance.  It  contains  almost  ex- 
clusively well  rounded  pebbles  of  quartz  and  chert.  Blocks  of 
the  same  conglomerate,  always  highly  ferruginous,  occur  asso- 
ciated with  small  exposures  of  Coal  Measure  rocks  two  miles 
farther  south  and  have  again  been  noted  on  top  of  these  older 
rocks  east  of  Wabonsie  lake  in  section  23,  Scott  township,  Fre- 
mont county.  The  clay  which  fills  the  caverns  in  the  limestone 
south  of  Malvern  is  probably  also  of  the  same  age,  and  the  same 
may  be  said  of  a  highly  disintegrated,  ferruginous  and  soft  clayey 
rock  resting  on  the  eroded  surface  of  the  Coal  Measure  lime- 
stone southeast  of  the  center  of  section  13,  Tp.  67  N.,  E.  XLII  W. 

While  the  age  of  the  small  outcrops  enumerated  above  must 
be  regarded  as  uncertain,  the  Dakota  sandstone  can  be  positively 
identified  in  two  exposures  in  Mills  county.  One  of  these  is  in 
the  low  slope  of  the  east  bluffs  of  the  Nishnabotna  a  little  south 
of  the  center  of  the  northeast  quarter  of  section  22,  two  miles 
south  of  Henderson,  and  the  other  is  half  a  mile  distant,  north- 
east of  the  southwest  corner  of  section  14.  Sandstone  was  quar- 
ried for  many  years  at  the  fonner  place,  but  the  quariy  is  now 
partly  filled.  The  face  of  the  quarry  appears  to  have  been  about 
ten  feet  high.  The  rock  is  a  gray  sandstone  in  heavy  ledges,  in 
places  yellow  or  even  brown.  It  breaks  with  equal  readiness  in 
all  directions.  Where  the  rock  is  hardest,  the  sand  grains  are 
held  together  by  an  opaque,  white,  thin  layer  of  siliceous  cement 
which  apparently  is  a  product  of  interstitial  leaching  and  re- 
deposition.    The  solvent  effect  of  underground  waters  are  seen 
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also  in  the  absence  of  the  ferruginous  cementing  material  which 
is  common  in  the  Dakota  sandstone  elsewhere,  and  which  makes 
the  sandstone  in  section  14  almost  black.  In  the  quarry  in  sec- 
tion 22  the  yellow  or  red  oxides  of  iron  color  the  rock  in  places 
where  perculating  water  has  not  had  free  passage,  as  along  shalj^ 
seams  and  in  concretions.  At  the  base  of  the  quarries  the  sand- 
stone rests  on  gray  clay,  or  is  interbedded  with  this,  and  on  the 
faces  of  some  ledges  there  are  marks  which  show  how  the  two 
kinds  of  sediments,  while  yet  in  a  plastic  slate,  have  been  worked 
into  each  other  and  broken  into  lumps  which  have  slid  into  new 
positions,  evidently  under  pressure  of  superincumbent  sediments. 
The  sediments  are  of  the  littoral  kind :  mud,  sand  and  gravel 
alternating.  It  is  the  first  deposit  of  the  advancing  sea.  The 
gravel  is  .well  Worn,  and  consists  largely  of  the  most  resistant 
material  of  the  underlying  Coal  Measure  rocks.  No  limestone 
fragments  were  seen,  but  in  one  block  were  some  angular  cavities 
which  might  have  contained  chips  of  such  rock,  afterward  re- 
moved by  solution.  A  study  of  several  lots  of  pebbles  of  various 
sizes  show  that  the  larger  ones  are  mostly  made  up  of  chert  from 
the  Coal  Measures  and  this  often  contains  silicified  fragments 
of  fossils.  Most  of  the  finer  material  is  common  quartz,  as  may 
be  seen  in  the  following  table,  which  is  based  upon  observations 
of  several  hundred  pebbles  and  grains  of  the  conglomerates  and 
sandstonts.  Evidently  the  larger  fragments  are  nearly  all  de- 
rived from  the  local  rocks,  the  more  resistant  material  of  the 
Missourian. 

TABLE  SHOWING  AVERAGE  FREQUENCY  OF  DIFFERENT  MATERIALS  AMONG 

FRAGMENTS  OF  SUCCESSIVE  SIZES  IN  THE  CRETACEOUS  ROCKS 

NEAR  HENDERSON,  IOWA. 


Average  diameter  of  fragments  in  millimetrfs. 

8-4 

4-2 

2-1 

\-yz 

MATERIALS. 

PER 

CENT 

PER 
CENT 

PFR 
CfiNT 

PER 
CENT. 

Black  chert 

37 

27 
3 
3 

22 

8 

7 
27 

2 

25 
29 
10 

5 

5 

0 

57 

23 

10 

1 

White  chert 

Shale 

Clear  quartz 

White  or  vellow  auartz 

1 

0 
82 
14 

Piok  colored  quartz 

2 

Chert  of  both  kinds 

64 
33 

34 
64 

10 
90 

2 

Quartz  of  all  kinds 

98 
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The  concretions  already  referred  to  are  remarkably  like  those 
occurring  in  the  Dakota  sandstone  of  the  West.  They  are  more 
nnraerous  in  some  of  the  ledges  than  in  others.  On  one  block  no 
less  than  seventeen  were  counted  on  a  surface  of  one  square  foot. 
They  are  usually  spherical  in  shape,  but  in  a  lot  of  fifty,  six  were 
double  and  dumb-bell  shaped.  In  these  one  of  the  pair  is  always 
slightly  smaller  than  the  other.  The  spheres  range  in  size  from 
five  to  fifty  millimeters  in  diameter.  In  a  lot  of  fifty-five  the 
different  sizes  were  represented  as  follows: 


Sizes  in  tnillitneievs . 

5 

6-10 

IMS 

16-20 

21-25 

26-20 

31-35 

36  40 

41-45 

50 

Number  of  .cj.ncre- 
tions  of   different 
sizes 

1 

4 

11 

12 

12 

5 

5 

2 

1 

1 

The  interior  of  most  of  them  consists  of  sand  grains  of  the 
same  kind  as  in  the  rock  outside,  with  a  loose  packing  of  yellow 
ochre  or  clay,  probably  a  residuum  after  pyrites  of  iron.  In  other 
cases  the  center  consists  of  a  lump  of  clay. 

In  section  14,  northeast  from  the  old  quarry,  the  rook  is 
brown,  and  in  places  almost  black,  sandstone  with  a  conglomer- 
itic  layer  on  top.  It  is  cut  at  one  point  by  old  worn  joints  into 
long  and  narrow  blocks.  A  thickness  of  only  a  few  feet  is  ex- 
posed and  the  ledge  runs  for  some  rods  at  the  foot  of  the  slope. 

No  fossils  occur  at  either  of  the  two  outcrops.  Their  age  has 
been  suflBciently  discussed  in  the  reports  on  the  adjacent  counties. 
They  evidently  belong  to  the  same  epoch  as  the  Dakota  sandstone 
of  the  Plains. 

Erosion  Interval. — After  the  Cretaceous  sea  had  disappeared 
the  land  was  again  subjected  to  erosion  during  the  Tertiary  age 
and  reduced  to  the  present  level  of  the  bed  rock.  A  considerable 
thickness  of  the  latest  sediments  may  thus  have  been  washed 
away  and  also  a  part  of  the  Coal  Measures  when  this  period 
was  brought  to  a  close  by  the  coming  of  the  ice  age. 
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Pleistocene. 

Ante-Glacial  SUt  (!). — ^During  the  glacial  period  the  land  in 
this  region  was  covered  by  a  great  continental  glacier,  which 
formed  a  heavy  deposit  of  bowlder  clay.  Under  this  clay  lies  in 
some  places  a  silt,  which  frequently  is  highly  calcareous  and  in 
other  respects  also  seems  to  be  closely  related  to  the  drift.  Sand 
and  gravel  is  occasionally  associated  with  this  silt  and  inter- 
bedded  with  it.  In  one  place  a  tunnel-like  hollow  in  the  silt  is 
seen  to  be  filled  with  sand.  This  is  in  the  Misouri  river  bluffs  a 
little  south  of  the  center  of  section  32,  Oak  township.  Mills 
county.  In  other  places  it  has  been  much  affected  by  water, 
which  has  percolated  through  porous  strata  and  deposited  white 
calcerous  flour  and  sometimes  a  dark  material  like  wad.  An 
instance  of  this  appears  in  the  base  of  the  bluffs  a  little  east  of 
the  center  of  the  north  line  of  section  5,  Plattsville  township, 
Mills  county.  It  is  here  regularly  laminated  and  grades  above 
into  a  loess-like  material.  Below  it  is  variable  in  color,  chang- 
ing from  gray  to  green,  purple,  yellow  and  almost  white.  At  an- 
other place  in  Mills  county  it  appears  to  have  been  broken  up 
or  kneaded  into  irregular  lumps,  which  are  separated  by  seams 
of  other  clayey  material.  This  was  noted  in  a  fresh  excavation 
seen  north  of  Henton  station  during  the  summer  of  1900.  The 
section  was  as  follows: 

FBtT. 

10.     Loess 5 

9.     Pebbly  drift,  somewhat  disturbed 3 

8.     Chocolate  colored  clay  or  silt S 

7.     Alternating  layers  of  fine  silt  and  yellow  clay  with 

lumps  of  soft  white  calcareous  material 2 

6.     Fine  gray  silt 1 

5.     Fine  gray  sand  with  white  concretions  of  calcareous 

matter 4 

4 .     Yellow  clayey  sand % 

3 .     Gray  cross-  bedded  sand 4 

2 .     Brown  mortar  rock  (Cretaceous  ? ) 2 

1 .     Limestone  (Coal  Measure; ) ....   ? 

The  dividing  plane  between  the  silt  and  the  bowlder  clay  at 
this  place  was  irregular  and  not  unlike  an  unconformity,  but  as 
the  bowlder  clay  was  evidently  disturbed  by  settling,  the  two 
may  very  well  have  been  conformable  originally. 
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The  pebbles  which  occur  in  this  silt  and  sand  are  mostly  chert 
and  of  the  kind  found  in  the  sand  of  the  present  Missouri  river 
and  it  is  possible  that  it  may  be  a  river  silt  of  preglacial  age, 
but  judging  from  general  appearances  and  from  its  association 
with  the  glacial  drift  the  present  writer  is  inclined  to  the  view 
that  it  was  made  contemporaneously  with  tlie  glacial  drift,  and 
probably  at  a  time  when  the  great  river  and  the  ice  were  con- 
testing the  gi'ound.  A  somewhat  di  fferent  view  is  taken  by  Prof. 
J.  E.  Todd,  who  has  made  many  observations  on  the  same  silt 
in  this  region.  As  it  resembles  the  ante- (immediately  preceding) 
glacial  silt  noted  in  other  parts  of  the  state,  that  designation  is 
here  retained. 

The  Botiider  Clay, — There  is  hardly  any  evidence  as  to  whether 
the  bowlder  clay  of  these  two  couiities  belongs  to  one  and  the 
same  ice  invasion  or  to  two  or  more.  Exposures  are  few  and  in 
digging  wells  the  bowlder  clay  is  usually  found  to  be  quite  con- 
tinuous below  the  loess  dowTi  to  the  bed  rock.  It  contains  no  well 
defined  sheet  of  sand  or  other  domarkations.  Tbe  lower  part  is 
usually  dark  and  contains  pieces  of  wood  and  fragments  of  coal, 
like  tlie  Albertiin  drift  farther  oast.  The  upper  part  is  more 
frequently  yellow  and  weathered  liko  the  Kansan  drift.  Probably 
both  are  present,  although  there  is  no  way  of  definitely  distin- 
guishing the  one  from  the  other.  Occasionally  wells  have  gone 
into  yellow  and  almost  red,  oxidized  drift  under  the  dark  bowlder 
clay,  but  such  changes  may  veiy  well  have  been  caused  by  local 
underground  leaching  and  oxidation. 

Much  of  the  bowlder  clay  has  been  removed  by  post-glacial 
erosion,  as  can  be  made  out  from  the  topography  of  the  region, 
and  the  erosion  has  been  most  eiTectivc  to  the  west  where  the 
thickness  of  the  bowlder  clay  is  least,  averaging  perhaps  only 
about  seventy-five  feet.  On  going  away  from  the  Missouri  the 
thickness  increases  and  along  the  east  side  of  the  two  counties 
it  is  as  much  as  200  feet  in  some  x>laces  and  averages  at  least 
150  feet.  Most  of  what  is  known  about  the  bowlder  clay  in  these 
counties  has  been  learned  in  making  deep  wells.  One  such  well 
was  recently  made  at  Tabor  by  Mr.  D.  L.  Home  of  Gretna,  Ne- 
braska, who  has  kindly  furnished  a  record  of  the  material  ex- 
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plored.     This  record ,  which  may  be  regarded  as  typical ,  is  as 
follows : 

7.  Top  soil 3 

6.  ' *Clay*'  (loess)  with  water  below 80 

5.  '  'Hard  pan'*  (glacial  till)  with  some  sandstone  and 

water  below 77 

4.  Sand ,  hard ,  with  water 10 

3.  "Sea  mud*'  (glacial  silt  ?) ...'. 42 

2 .  Lime  stone  with  some  shale 35 

1.  "Slate**  and  a  thin  seam  of  coal 15 

The  erratics  of  the  drift  are  of  the  same  character  as  in  Pot- 
tawattamie county.  Large  bowlders  are  scarce,  very  few  more 
than  three  feet  in  diameter  having  been  noted.  It  is  not  without 
interest  to  note  that  a  piece  of  copper,  weighing  a  half  ounce, 
was  found  in  heavy  quicksand  220  feet  below  the  surface  in  a 
well  made  near  the  center  of  the  northeast  quarter  of  section  18 
in  Eawles  township,  Mills  county.  It  illustrates  the  wide  distri- 
bution of  the  rocks  of  the  Superior  region  over  the  area  of  the 
drift. 

The  Gumbo. — In  some  places  the  bowlder  clay  is  overlain  by  a 
reddish  yellow,  clayey  deposit,  more  or  less  like  the  loess  but 
less  porous,  owing  to  the  presence  of  a  fine,  ochreous,  intersticial 
material.  This  gumbo  is  always  thoroughly  leached,  never  cal- 
careous, but  in  some  places  it  contains  scattered  pebbles.  The 
latter  phase  was  observed  near  some  of  the  remnants  of  flat  up- 
lands southeast  of  Minneola.  The  transition  from  this  gumbo  to 
the  loess  above  is  usually  well  marked,  as  may  be  seen  at  Emer- 
son north  of  Riverton,  and  also  around  Malvern.  The  gumbo  is 
probably  an  old  loess,  in  places  mingled  with  sediments  in  for- 
mer ponds  or  lakes  on  the  old  drift  plain.  At  other  points  it  is 
probably  composed  of  old  alluvial  deposits. 

THE  LOESS. 

The  loess  covers  the  uplands  alnlost  everywhere  and  is  also  to 
be  seen  on  all  alluvial  terraces.  Only  where  the  upland  slopes 
are  quite  steep  does  the  bowlder  clay  come  to  the  surface.  The 
average  thickness  of  the  loess  is  estimated  at  about  sixty  feet, 
but  in  the  bluff  of  the  Missouri  river  and  for  two  miles  east,  it 
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frequently  attains  a  thickness  of  a  hundred  feet  and  is  occasion- 
ally 150  feet.  This  marked  thickening  causes  an  ill  defined  ridge 
along  the  west  border  of  the  uplands  in  some  places  but  it  has 
been  so  greatly  affected  by  erosion  that  it  now  exists  merely  as  a 
skeleton  of  divides  among  labyrinths  of  gullies  and  ravines.  On 
alluvial  terraces  the  deposit  is  far  less  heavy,  ranging  from  five 
feet  on  the  lower  terraces  to  thirty  or  forty  feet  on  the  higher 
ones  near  the  bluffs  of  the  Missouri. 

In  its  structure  the  loess  is  of  the  common  type,  a  highly  por- 
ous, dust  like  deposit,  grayish  yellow  toward  the  Missouri  river 
and  more  yellowish  farther  east,  fracturing  most  easily  vertically 
and  horizontally  and  when  undermined  always  breaking  so  as  to 
expose  vertical  walls.  Ocasionally  it  contains  ocherous  seams 
on  the  uplands  and  these  have  a  tendency  to  conform  somewhat 
in  their  course  to  the  surface  of  the  land.  Calcareous  concre- 
tions are  common  in  many  localities  but  they  are  mostly  of  small 
size  and  irregular  shape  in  these  counties. 

A  singular  structure,  which  the  writer  has  previously  observed 
in  Pottawattamie  county  occurs  here  also.  It  consists  of  fluted 
horizontal  shearing  planes.  Such  shearing  planes  were  noted 
in  the  lower  part  of  the  loess  in  the  wagon  road  leading  up  the 
bluff  north  of  the  East  Nishnobotna,  north  of  Riverton,  and  on 
the  side  of  the  wagon  road  running  north  and  south  near  the 
center  of  the  east  line  of  section  31,  Tp.  73  N.,  R.  XLII W.  Their 
direction  at  the  latter  place  is  N.  25  ®  W.  The  most  extensive 
development  noted  is  at  the  foot  of  the  south  bluff  of  Keg  creek 
in  Glenwood.  In  Hall's  brick  yard  flutings  are  seen  in  the  clay 
pit  and  appear  again  to  the  northeast  in  several  places.  Their 
direction  varies  here  at  different  points,  N.  68  ^  W.,  E-W,  W.  7  ° 
S,  having  been  noted. 

An  instance  of  a  pebble-bearing  loess  occurs  in  the  bluffs  just 
north  of  Henton.  A  vertical  wall  about  twenty  feet  hig^h  is  ex- 
posed. The  upper  one-third  of  this  loess  is  quite  typical  in  its 
aspect  and  carries  the  common  loess  pulmonates.  This  changes 
below  into  a  sandy  deposit  mingled  with  loess,  pebbles  and  some 
broken  shells  of  land  snails.  The  pebbles  are  confined  to  an 
irregular  seam  or  streak.    Below  this  is  again  a  loess-like,  gray 
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material  separated  by  wavy,  joint-like  lines  into  lamiiUB  about 
one-half  inch  thick.  Below  this  tlie  talus  conceals  the  sectian, 
which  however  appears  to  contain  some  bowlder  clay  and  gravel. 
An  examination  of  the  pebbles  showed  that  many  of  them  were 
scored  and  that  in  other  respects  they  resembled  unworn  and 
fresh  pebbles  of  the  glacial  drift  of  the  r^ion.  The  limestone 
pebbles  are  mostly  from  Coal  Measure  strata.  The  following 
table  shows  the  proportions  in  percentages  of  the  different  kinds 
of  rocks  which  are  represented  in  the  different  sizes  of  about  250 
pebbles  examined.* 


KIND  OF  ROCK. 


onb  inch  in  di- 
ambtbr;  frb- 

QUBNCY  IN 
PBR  CENT. 


ONB-THIRD  INCH 

IN    diambtbr; 

FRBQUBNCYIN 
PBR  CBNT. 


ONB  NINTH  INCH 

IN     DIA.MBTBR; 

FRBQUBNCY  IN 

PBR CBNT. 


Quartz 

Granite 

Greenstone 

Hornblende  rock. 

Schists 

Jaspilite 

Diabase 

Quartzite 

Sioux  quartzite.. 

Dolumite 

Chert 

Limestone 

Clay  ironstone. .. 

Cretaceous    

Silic  fied  wood . . . 
Sandstone 


2 

10 
S 
0 
5 
2 

26 
2 
3 
5 
3 

33 
2 
2 
0 


3 
13 
2 
0 
2 
0 
17 
4 
1 
8 
5 
42 
1 
2 
1 


10 

IS 
1 
2 
1 
0 

10 
2 
1 
5 
6 

44 
0 
3 
0 
1 


At  the  foot  of  the  loess  bluffs  northwest  of  Hamburg  a  loess- 
like talus  was  seen  in  which  with  occasional  land  snails  some 
broken  valves  of  a  unio  were  noted.  Such  loess  has  also  been  ob- 
served by  Professor  Shimek  east  of  Hamburg  and  it  probably 
represents  material  which  has  been  formed  comparatively  re- 
cently. The  same  may  be  said  of  some  loess  in  the  vicinity  of 
Glenwood,  where  ancient  potsherds  have  been  found  sei?eral  feet 
under  the  surface  on  low  uplands. 

The  fossil  snails  of  the  loess  are  not  quite  as  numerous  as  in 
Pottawattamie  county.  The  collections  which  the  present  writer 
made  have  been  submitted  to  Professor  Shimek,  whose  report  on 
these  and  on  others  collected  by  himself  in  this  part  of  the  state 

*Ooinpare  Iowa  Oeol.  Sorv.  Vol.  XI,  p.  258. 
12aBep 
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is  appended.  In  two  places  vertebrate  remains  have  been  discov- 
ered. Bones  of  a  mammotJi  were  exhumed  from  the  lower  part 
of  the  loess  at  Malvern  in  grading  for  the  Chicago,  Burlington 
and  Quincy  railroad.  The  excavation  was  made  in  1879  on  lot 
327,  at  the  crossing  of  First  avenue  and  Eailway  street  There 
were  three  teeth,  part  of  a  tusk  and  'two  long  bones.  The  other 
locality  is  in  the  southernmost  point  of  the  bluflfs  between  Keg 
creek  and  the  Missouri  bottomS;  east  of  Pacific  Junction.  In 
grading  the  railroad  some  bones  of  on  elephant  or  of  a  mastodon 
were  unearthed  near  the  base  of  the  loess.  As  fossils  of  the  loess 
must  perhaps  also  be  included  occasional  potsherd  and  flint  im- 
plements, which  have  been  noted  in  the  vicinity  of  Glenwood. 
They  are  reported  to  have  been  taken  out  from  a  few  feet  below 
the  surface  on  some  upland  slopes  and  ridges  and  they  are  of  in- 
terest as  indicating  a  recent  origin  of  the  upper  part  of  the  loess 
deposit. 

REPORT  BY  PROFESSOR  B.  SHIMEK  ON.  THE  FOSSILS  FROM   THE  LOESS  OF  MILLS 

AND  FREMONT  COUNTIES. 

Professor  Udden  submitted  six  collections  of  fossils  for  exam- 
ination. Three  of  these  are  from  Mills  county,  and  three  from 
Fremont  county.  The  writer  of  this  supplementary  report  also 
collected  fossils  in  several  localities  in  and  near  Hamburg,  in 
Fremont  county.    The  several  lists  follow: 

1.  From  base  of  loess  in  bluff  of  Kelly  creek,  one  quarter  mile 
south  of  Glenwood,  Mills  county.    Professor  Udden. 

Helicina  occulta  Say,   1*. 
Leucocheila  lallax  (Say)  Try,   1 
Bifidaria  armifera  (Say)  Sterki.,  1. 
Zonitoides  arboreus  (Say)  Sterki.,  1. 
Pyramidula  striatella  (Anth.)  Pils,  1. 
Helicodiscus  iineaius  (Say)  Morse,  2. 
Succinea  avara  Say,  1. 
Succineatt  2. 

2.  Exposure  three  miles  south  of  northeast  comer  of  section 
31,  Oak  township,  MUls  county.    Professor  Udden. 


*  These  numbers  indicate  number  of  specimens  collected  of  each  8i>ecie8. 

f  These  collections  contain  a  number  of  larger  Succineas,  some  of  which  are  certainly^r.  ovalis 
Say  (commonly  known  as  8.  obliqua)  and  others  quite  as  clearly  S.  groavenorii  Lea.  There  are, 
however,  small  or  broken  specimens  which  cannot  readily  be  seiMrated,  and  they  are  here 
reported  collectively  as  Succmea. 
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Helicina  occulta  Say,  1. 
Vallonia  gracilicosta  Reinh.  2. 
Bitidaria  pentodon  (Say)  Sterki,  1. 
Pyramidula  stri(UeltaK^Tii}CL.)VW&,  9. 
Pyramidula  shimekii  (Pils)  Shimek,  2. 
Succinea  avara  Say,  3. 
Succinea^  7. 

3.  Base  of  loess,  Missouri  river  bluffs  one-half  mile  south  of 
HentoiQ,  Mills  county.    Professor  XJdden. 

Helicina  occulta  ^B,y  t  4. 
Polygyra  leai  (Ward)  Pils,  2. 
Vitrea  hammonis  (Strom),  Pils  1. 
Pyramidula  altertemata  (Say)  Pils,  2. 
Pyramidula  striatella  (Anth.)  Pils,  1. 
Succinea,  1. 

The  remaining  specimens  are  from   the   following   Fremont 
oonnty  localities: 

4.  Terraces  (!),  base  of  Missouri  river  bluff  near  north  line 
of  northeast  quarter,  section  2,  Scott  township.    Professor  Udden. 

Polygyra  multilineata  (Say)  Pils,  5. 
Zonitoides  arboreus  (Say)  Sterki,  1. 
Pyramidula  alternata  (Say)  Pils,  1. 
Pyramidula  striatella  (Anth.)  Pils,  1. 
Helicodiscus  lineatus  (Say)  Morse,  1. 
Succinea  retusa  Lea,  ?  1. 
Limnaa  humilis  Say ,  1. 

5.  Base  of  Missouri  river  bluffs,  west  of  Hamburg.    Professor 
Udden. 

Helicina  occulta  Say,  1. 
Helicodiscus  lineatus  (Say)  Morse,*  1. 
Succinea  avara  Say  t  5. 
Succinea,  7. 

6.  Exposure  in  northeast  quarter,  section  6,  Washington  town- 
ship.   Professor  Udden. 

Helicina  occulta  Say ,  7. 

yaltonia  gracilicosta  Reinh ,  1 . 

/^amidula  striatella  (Anth.)  Pils,  4. 

/yramidula  shimekii  (Pils)  Shimek,  1. 

Helicodiscus  lineatus  (Say)  Morse,  1. 

Succinea  avara  Say,  2. 

Succinea,  7. 

A  snail's  egg  appearing  like  that  of  Pyramidula  striatella . 


*Tlii8  appears  to  be  a  modem  bleached  shell. 
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The  writer's  collections  were  made  in  the  years  1890  and  1898 
in  the  immediate  vicinity  of  Hamburg,  Fremont  county.  The 
several  lists,  with  brief  discussions  of  localities,  follow: 

7.  An  exposure  in  the  brickyard  east  of  the  Nishnabotna  river 
contained  fragments  of  Unios  only  one  of  which,  Ohliquaria  re- 
flexa  Raf.  (formerly  known  as  Umo  cornuti)  was  identifiable. 
The  deposit  was  only  a  few  feet  above  the  river,  and  showed 
evidences  of  redeposition.  Two  small  exposures  near  the  brick- 
yard, and  but  little  higher,  contained  the  following  fossils : 

Bi/idaria  ^eniodon  (Say)  Sterkt,  3. 

PyramidulasMaiellu  (Anth.)Pi\s,  1. 

Pyramidu/a  shimekii  (Pils)  Shimek ,   1 . 

Valtonia  gracilicosta  Reinh,  1. 

Helicodiscus  lineaius  TSay)  Morse,  1. 

Sphyradium  edentulum  allicola  (Inger)  Pils,  1. 

Succinea flvfira  Say,  10. 

Succinea,  4. 

Limn i^a  Aumilis  Say ,  1. 

Unio unidentifiable  fragments. 

As  noted,  these  deposits  are  but  little  elevated  above  the  river, 
and  are  not  typical  upland  loess. 

8.  An  exposure  at  the  base  of  the  Missouri  river  bluflf  north- 
west of  Hamburg.  This  exposure  was  but  little  elevated  above 
the  broad  Missouri  river  plain,  resembling  No.  7  in  this  respect 

Heiicifia  occulta  Say,  14. 
Pohgyra  leai  (Ward)  Pils,  2. 
Leucocheila  fallax  (Say)  Try,  4. 
Coch/icopa  lubrica  (Miill),  1. 
Helicodiscus  lineaius  (Say)  Morse,  2. 
Succinea  ovalis  Say  {=jbliqua),  2. 
Succinea,  4. 
Unio  fragments. 

9.  A  great  loess-covered  ridge  extends  southward  between  the 
Nishnabotna  and  Missouri  valleys,  and  terminates  abruptly  in 
Hamburg.  Near  its  southern  extremity,  at  a  point  about  thirty- 
five  feet  above  the  river  plain,  near  the  schoolhouse,  an  exposure 
yielded  the  following  fossils: 

Polygyrm  multilineata  (Say)  Pils,  1. 
Polygyra  hirsuta  (Say)  Pils,  1. 
Succinea  j^osvenorii  Lea,  3. 
Succinea  avara  Say,  1. 
HeAcina  occulta  Say,  3. 
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10,  An  exposure  at  the  top  of  the  Hamburg  ridge  about  150 
feet  above  the  river  plain.  The  ridge  is  fully  exposed  on  the  south 
and  west  to  the  winds  which  sweep  across  the  broad  valley  of  the 
Missouri  river,  and  its  materials  in  this  exposure  show  a  consid- 
erable admixture  of  fine  sand.  The  fossils  which  were  obtained 
by  digging  are  here  listed. 

Helicina  ccculta  Say,  5. 
Bilidaria  pentofton  (Say)  Sterki,  .2. 
Vertigo  bollesiana  (Morse),  3. 
Polygyra  muUilineata  (Say)  Pils,  many. 
Cochlicopa  lubrica  (Miill),  5. 
f^ramidula  shimekii  (Pils)  Shimek,  1. 
Sphyradiumedentulufnatticola  (Inger)  Pils  4. 
Succinea^  many. 

In  addition  to  these  numerous  other  specimens  were  piled  up  on 
the  surface.  Some  of  these  may  be  loess  fossils,  but  most  of  them 
are  clearly  modem  shells.    They  are  the  following: 

Pyramidula  striatella  (Anth)  Pils,  probably  fossil. 

Vatlonia gracilicosia  Reinh,  not  fossil. 

Leucocheila  fallax  (Say)  Try,  not  fossil. 

Helicodiscus  lineatus  (Say)  Morse,  probably  not  fossil. 

Succinea grosvetiorii  Lea,  not  fossil. 

Vitrea  hammonis  (Strom)  Pils,  probably  recent. 

Zoniioides  atboreus  (Say)  Sterki,  probably  lecent. 

Quadrula  undulata  (Barnes)  Baker,  better  known  as 

Unto  plicaius  Kust.  A  well-preserved  valve,  one  and  three- 
fourths  inches  long,  and  fragments  of  another,  were  found 
on  the  surface.  They  are  probably  valves  of  the  same 
young  shell.  The  valve  is  incrusted  in  part  with  calcium 
carbonate. 

It  is  interesting  to  note  that  these  recent  species  are  all  repre- 
sented in  the  loess  of  the  same  region,  with  the  exception  of  the 
Unio,  which,  of  course,  did  not  live  on  the  ridge,  but  was  brought 
to  it  from  one  of  the  adjacent  streams. 

The  occurrence  of  fluviatile  bivalves  in  some  of  these  exposures 
is  of  interest.  It  will  be  noted,  however,  that  in  every  case  the 
exposure  is  low,  within  easy  reach  of  flooded  adjacent  streams. 
Some  shells  are  frequently  embedded  in  ice,  and  during  floods  in 
the  spring  are  deposited  above  the  ordinary  level  of  the  stream. 
Moreover,  muskrats  frequently  carry  mussels  to  some  distance 
from  the  water.  The  writer  has  seen  a  crow  carry  a  small  mussel 
to  a  point  more  than  fifty  feet  above  the  Iowa  river.    The  presence 


174  GEOLOGY   OP   MILLS    AND   FREMONT   COUNTIES. 

of  these  shells,  few  in  number  and  at  low  levels  in  deposits  w^hich 
have  been  subject  to  overflow,  adds  nothing  in  support  of  the 
theory  that  the  main  body  of  the  loess  was  formed  in  water.  iA. 
similar  mussel-bearing  deposit  at  Sioux  City  has  been  known  for 
some  time.  At  both  localities  the  deposit  is  unlike  ordinary  tii>- 
land  loess,  and  has  probably  been  re-arranged  by  water.  No  mus- 
sel-shells were  found  in  the  collections  submitted  by  Professor 
TJdden.  However,  in  the  set  marked  No.  4,  which  is  from  a  ter- 
race At  the  base  of  a  bluff,  a  Limnaea  and  a  specimen  of  Succinea 
retusa  are  found.  The  first  is  a  pond  snail,  the  second,  not  sat- 
isfactorily identified  in  its  fragmentary  condition,  a  marsh  species. 
Both  now  live  in  the  region,  and  neither  indicates  general  aquatic 
conditions.  It  will  also  be  observed  that  one  specimen  of  Limnaea 
was  also  found  in  the  brickyard  exposure.  No.  7,  associated  with 
the  mussel  fragments. 

All  the  remaining  species  in  the  several  lists  are  strictly  ter- 
restrial, of  the  usual  type  found  in  the  loess,  and  with  three  ex- 
ceptions the  species  now  live  in  the  bluff  region  between  Council 
Bluffs  and  Hamburg,  as  the  writer  has  ascertained  by  personal 
investigation  and  as  noted,  some  are  now  found  on  the  Hamburg 
ridge.  The  three  exceptions  are  Helicina  occulta,  Pyramidvla 
shimekii  and  Sphyradium  edentulwnv  alticola.  These  are  all  up.- 
land  terrestrial  species,  now  living  in  other  jmrts  of  the  country, 
and  the  two  latter  belong  to  the  dry  western  regions.  Where  any 
of  these  terrestrial  species  show  variation  from  ordinary  easterly 
types,  it  is  of  the  same  charter  as  that  exhibited  by  the  modem 
shells  of  the  same  region.  For  example,  Polygyra  multilvneata  as 
found  in  loess  of  the  region  under  discussion,  is  the  small,  rather 
heavy,  coarsely  ribbed  form,  often  without  color-bands  and 
fine  revolving  lines,  which  commonly  occurs  in  the  west  in  open  or 
upland  country.  The  Sucdneas  are  also  of  the  smaller  westerly 
type.    Valhnia  gracilicosta  is  a  western  upland  species. 

The  inevitable  conclusion  drawn  from  these  fossils  is  that  the 
deposit  in  which  they  are  imbedded  was  formed  under  x*onditions 
not  materially  different  from,  those  which  prevail  in  the  same 
region  today.  That  the  amount  of  material  carried  by  winds  is 
sufficient  for  the  formation  of  such  a  deposit  was  amply  demon- 
strated, not  only  during  the  two  visits  to  Hamburg,  but  upon  every 


O  U  N  T"ir 

• • • ^ • ^=— H» — 

J.A.UDDEN 
1903. 

•         •  •  ^  •  m    ^-» 


I 


THE    ALLUVIUM.  175 

one  of  the  numerous  summer  and  autumn  excursions  which  the 
writer  has  made  to  the  Missouri  river  in  Iowa  and  Nebraska. 
Dost  storms  which  blot  out  the  landscape  by  the  mass  of  whiri- 
ing,  blinding  dust  are  common,  and  even  ordinary  winds  carry 
columns  of  dust  from  the  sand  and  mud  bars  of  the  Missouri  to 
heights  far  above  the  bordering  hills.  During  the  low  water  stage 
in  summer  and  autumn  the  bars  are  of  great  extent  and  contribute 
large  quantities  of  fine  materials  to  the  adjacent  hills,  where  they 
are  retained  by  the  vegetation  which  covers  the  hills. 

In  the  light  of  the  evidence  furnished  by  the  fossils  it  is  useless 
to  search  for  causes  and  means  of  loess  deposition  which  would 
postulate  conditions  differing  in  any  important  particular  from 
those  which  now  prevail  in  the  Missouri  river  region. 

The  Alluvium. — Though  the  alluvium  deposits  are  extensively 
developed  in  the  drainage  valleys  opportunities  of  studying  ex- 
posures of  their  deeper  parts  are  wanting.  The  material  which 
appears  in  the  stream  banks  is  mostly  fine  yellow  silt,  evidently 
derived  mainly  from  the  upland  loess,  with  some  sandy  layers  at 
distant  intervals.  Often  the  upper  four  or  five  feet  consist  of 
a  black  muck  on  the  larger  flood  plains.  But  the  alluvium  ex- 
tends considerably  below  the  beds  of  the  streams  and  at  greater 
depths  contains  layers  of  sand  and  gravel  as  well  as  beds  of  old 
soils  now  buried  under  from  twenty  to  thirty  feet  of  the  more 
recent  alluvium.  In  the  west  part  of  Thurman  such  an  old  soil 
is  frequently  found  in  digging  wells.  On  the  bottom  lands  in 
the  East  Nishnabotna  well  makers  report  going  through  a  few 
feet  of  black  soil  and  below  this  about  twenty  feet  of  yellow  clay 
silt.  Below  this  there  is  some  five  or  ten  feet  of  fine  quicksand 
and  about  fifteen  feet  of  blue  clay,  under  which  is  a  white  or  gray 
sand,  often  with  some  gravel.  The  latter  usually  contains  water. 
This  succession  may  be  regarded  as  typical  of  the  bottoms  of 
both  of  the  Nishnabotna  rivers.  In  the  bottoms  of  the  Missouri 
river  the  alluvium  is  known  to  have  a  depth  of  not  far  from 
eighty  feet  farther  north,  and  it  probably  has  the  same  depth 
here.  Where  the  bluffs  recede  from  the  river  and  the  bottoms 
have  not  been  subject  to  destruction  and  reconstruction  by  recent 
meanders  low  alluvial  fans  have  in  many  places  been  built  up 
by  the  streams  which  come  down  from  the  uplands  and  there 
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may  be  a  gradual  rise  of  the  alluvial  plain  toward  the  bluflfs  of 
as  much  as  thirty  or  even  forty  feet.  In  one  of  these  alluvial 
fans  near  the  village  of  Knox  charred  wood  and  some  animal 
bones  were  once  found  in  an  old  soil  at  a  depth  of  about  twenty- 
five  feet  under  the  present  surface.  _ 

Calcareous  Tufa, — Some  heavy  deposits  of  calcareous  tufa 
have  been  formed  in  the  base  of  the  bluflfs  of  the  Missouri,  One 
of  these  deposits  occurs  near  the  county  line  along  the  road  east 
and  north  of  Buckingham  lake.  It  forms  a  bed  some  five  feet 
thick  and  lies  on  a  gravelly  silt.  In  places  it  is  impregnated  with 
wad,  which  makes  it  almost  black.  In  constructing  the  road  it 
has  been  broken  up  into  large  blocks  which  have  been  thrown 
aside.  The  other  locality  is  a  little  southeast  of  the  center  of  sec- 
tion 10,  Lyons  township,  Mills  county,  where  large  springs  issue 
from  imder  the  drift,  here  resting  on  the  Coal  Measures.  A  mass 
of  coarse  tufa  eight  feet  high  runs  for  a  distance  of  about  200 
feet  along  the  foot  of  the  bluff.  Some  tufa  was  also  found  in  a 
ravine  east  of  Wabonsie  lake  and  this  contains  fine  imprints  oi 
leaves.  It  is  hardly  necessary  to  add  that  all  of  these  deposits 
were  very  recently  formed  by  waters:  issuing  from  the  drift  back 
of  the  place  where  they  now  lie,  and  that  in  some  instances  they 
are  still  forming. 

Geological  Structure. 

If  the  writer's  correlations  of  the  ledges  of  the  Missouriau  are 
correct  there  is  a  gentle  general  dip  to  the  soutli  of  not  mqre  than 
three  feet  per  mile.  Probably  there  is  also  a  similar  dip  to  the 
west.  The  evidence  is  not  conclusive.  In  some  shales  in  a  ravine 
in  the  northeast  (quarter  of  the  northeast  quarter  of  section  24, 
Tp.  67  N.,  R.  XLII  W.,  two  sharp  but  small  folds  were  observed 
involving  a  few  feet  of  the  rock  in  such  a  way  as  to  produce  two 
overthrusts.     These  were  a  few  rods  apart. 

Scorings. 

Scorings  made  by  the  ice  which  deposited  the  bowlder  clay 
have  been  noted  in  tBis  territory  by  Professor  Todd.  The  pres- 
ent writer  observed  some  additional  scorings  not  previously 
recorded.  One  locality  is  near  the  southeast  comer  of  section 
22  in  Glenwood  township,  Mills  county,  about  150  feet  southwest 
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of  the  bridge  across  Keg  creek.  They  are  seen  on  a  low  ledge 
of  limestone  in  the  west  bank  of  the  creek  and  run  S.  12  ®  W. 
and  S- 14®  W.,  with  a  length  of  about  forty  feet.  On  top  of  the 
limestone  in  the  bluffs  in  sections  10  and  15  in  Lyons  township, 
Mills  county,  scorings  are  frequent.  Their  bearings  were  noted 
in  several  places  as  follows:  S.29®  W.,  S.  34®  W.,  S.  33®  W.,  S. 
25®  W.,  S.  29®  W.,  S.  27®  W.  On  a  ledge  of  rock  which  is  now 
concealed,  in  the  south  bank  of  Spring  Valley  creek  a  little  south 
of  the  center  of  the  south  line  of  section  36  in  Kawles  township. 
Mills  county,  fine  planing  and  scoring  was  observed  many  years 
ago  by  the  quarrymen  and  some  specimens  are  found  on  rocks 
taken  from  the  quarry  at  this  place.  The  striations  are  said  by  a 
man  who  worked'  in  the  quarry  to  have  a  northeast-southwest 
trend. 

A  most  peculiar  instance  of  scorings  on  the  upper  surface  of 
a  black  shale  was  observed  at  a  small  quarry  about  one-half  naile 
south  of  Henton  in  the  base  of  the  bluffs.  The  shale  is  the  up- 
permost of  the  Missourian  at  this  place  and  is  overlain  by  a  dis- 
continuous, thin  layer  of  bowlder  clay  on  top  of  which  loess 
rests.  A  finely  striated  horizontal  plane  separates  the  bowlder 
clay  and  loess  from  the  shale  and  the  striae  bear  S.  7®  W.,  straight 
for  several  feet.  A  hundred  feet  to  the  north  the  same  shale 
is  cut  by  a  shearing  plane  almost  as  perfectly  planed  and  scored, 
the  striaB  running  S.  50®  W.  This  plane  is  gently  inclined  to 
the  west. 

ECONOMIC   PRODUCTS. 

Building  Stone. 

Building  stone  is  scarce  in  this  region  and  most  of  that  used 
is  at  present  imported.  There  are  nevertheless  a  few  quarries 
from  which  considerable  rock  may  yet  be  taken  out.  The  largest 
is  in  section  16,  Lyons  township,  Mills  county,  in  the  bluffs  of 
the  Missouri  river.  The  limestone  ledges  at  this  place  have  al- 
ready been  sufficiently  described.  The  lower  ledges  furnish  a 
strong  and  durable  building  stone  which  was  formerly  exten- 
sively quarried  and  used  in  the  construction  of  bridge  piers  and 
in  riprapping  embankments  of  railroads  along  the  river.  Sev- 
eral acres  of  the  ledges  were  removed,  but  as  the  face  of  the 
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quarry  receded  the  stripping  became  more  expensive  and  quarry- 
ing on  a  large  scale  was  abandoned  several  years  ago.  This  illus- 
trates the  condition  of  almost  all  the  quarries  in  both  counties. 
The  most  easily  worked  ledges  have  been  removed  and  those 
which  remain  require  heavy  stripping  before  they  can  be  quar- 
ried. The  sandstone  of  the  Cretaceous  south  of  Henderson  is  a 
strong  and  durable  building  stone  and  it  seems  that  some  of  these 
ledges  might  be  worked  quite  inexpensively.  At  present  quarries 
are  operated  only  occasionally  in  these  counties. 

CoaL 

The  seam  of  coal  which  appears  in  the  bluffs  east  of  Lake  Wa- 
bonsie  and  in  the  uplands  east  of  Hamburg  is  reported  as  having 
been  twenty  inches  thick  in  one  exploration  pit  in  section  1,  Tp. 
67  N.,  B.  XLII  W.  It  is  of  a  good  quality  and  lies  near  the  sur- 
face. It  does  not  seem  improbable  that  some  workable  pockets 
may  be  found  under  the  uplands  noi  theast  of  Hamburg,  and  pos- 
•sibly  also  on  the  west  side  of  the  Nishnabotna  river,  but  as  the 
seam  lies  above  the  general  level  of  the  eroded  surface  of  the  Coal 
Measures  it  is  certain  to  run  out  against  the  overlying  drift  and 
be  absent  on  most  of  the  land.  As  (he  seam  is  thin  and  as  most 
of  it  has  been  washed  away  explorations  must  be  expected  to  meet 
with  failure  in  most  instances. 

Clay  InduBtries. 

The  production  of  brick  in  Fremont  county  amounts  to  about 
four  million  and  in  Mills  county  to  nearly  tw,o  million  in  a  season, 
eight  firms  being  engaged  in  this  industry  in  the  former  and  three 
everywhere  the  material  used.  Mr.  C.  W.  Carman,  at  the  latter 
place,  uses  a  leached  shale  from  the  Coal  Measures  in  various 
proportions  with  the  loess.  Mr.  T.  S.  Hall  of  Glenwood  is  the 
in  the  latter  county.  Excepting  one  firm  in  Hamburg,  loess  is 
only  maker  of  bricks  used  for  paving  and  these  are  loess  bricks, 
burnt  hard  and  culled  from  the  common.  Open  kilns  are  used 
in  all  the  yards  and  Missouri  coal  is  the  fuel  most  generally  em- 
ployed. Very  little  of  the  product  is  exported.  The  detailed 
statements  for  each  manufacturer  are  given  in  the  following 
table. 
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Water  Supply. 

On  the  uplands,  which  are  everywhere  w^ell  drained,  the  natural 
water  supply  is  now  becoming  more  limited  than  before  owing 
to  the  general  lowering  of  the  level  of  the  ground  water.  In.  the 
base  of  the  loess  there  is  always  some  seepage,  but  this  cannot 
be  relied  upon  to  furnish  a  suflSciency  for  most  farmers,  and  wells 
are  now  sunk  into  the  underlying  bowlder  clay.  But  this  seldom 
contains  sandy  strata  pervious  to  water  and  such  wells  frequently 
must  be  made  deep  enough  and  wide  enough  to  catch  sufficient 
seepage  from  the  compact  and  impervious  clay.  Occasionally 
these  deep  wells  go  through  the  drift  and  draw  water  from  the 
underlying  bed  rock.  In  the  northeast  part  of  Mills  county  there 
is  a  sandstone  in  some  wells  and  these  furnish  plenty  of  good 
water.  But  over  most  of  the  upland  the  bed  rock  consists  of 
Coal  Measure  shales  with  thin  ledges  of  limestone  and  on  such 
land  even  deep  wells  have  proved  failures.  Deep  and  wide  bored 
drift  wells  will  probably  prove  to  be  most  serviceable,  and  trib- 
utary tunnels  will  no  doubt  prove  useful,  where  they  can  be  bored 
out  and  tiled  from  the  bottom  of  the  main  excavation. 

On  the  alluvial  bottoms  there  is  always  water  at  moderate 
depths,  varying  from  ten  to  fifty  feet  and  driven  wells  are  in  gen- 
eral use.  Near  Riverton  an  attempt  was  made  some  years  ago 
to  secure  flowing  water  from  shallow  wells  on  the  Nishnabotna 
bottoms,  but  it  resulted  in  failure,  though  three  holes  were  simk 
to  a  depth  of  about  300  feet.  A  flowing  well  was  unexpectedly 
obtained  near  the  center  of  the  northwest  quarter  of  section  14 
in  Anderson  township.  Mills  county.  It  was  made  near  the  foot 
of  the  west  slope  of  Mud  creek  and  the  water  came  from  a  sand 
under  a  blue  ** shale"  at  a  depth  of  about  200  feet.  The  head  of 
the  flow  is  forty  feet  above  the  curb.  The  flow  was  nearly  a  bar- 
rel a  minute.  It  is  probable  that  the  sand  in  the  bottom  of  this 
well  is  an  outlier  of  the  Cretaceous  sandstone. 

The  conditions  for  deep  artesian  wells  have  been  sufficiently 
discussed  by  Professor  Norton.*  Since  liis  paper  was  published 
another  deep  well  has  been  made  by  the  Institute  for  Feeble 
Minded  Children  at  Glenwood.  i\rtesian  flow  can  be  obtained 
at  a  depth  of  about  2,000  feet  on  all  lowlands  not  rising  higher 
than  about  950  feet  above  the  sea  level. 

•  Artt'sian  Wolls  of  Iowa,  Iowa  Gool.  Surv.,  Vol.  VI,  T)p.  IJ4()  :i47. 
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Sand  and  Gravel. 

Sand  for  mortar  and  plaster  is  taken  mostly  from  the  beds  of 
the  streams,  where  it  is  by  no  means  plentiful  except  in  the  Mis- 
souri. An  extensive  gravel  and  sand  pit  was  worked  for  several 
years  by  the  railroad  in  the  bluffs  of  the  Missouri  river  near 
the  center  of  section  32,  a  mile  south  of  Henton  station^  but  this 
pit  is  now  abandoned  except  for  local  demand.  It  is  a  glacial 
sand  which  in  places  has  been  cemented  by  infiltration  of  cal- 
careous material  into  rock  strong  enough  to  be  used  in  small 
foundations.  Another  sand  pit  supplies  a  local  demand  in  Fre- 
mont county.  This  is  located  in  the  base  of  the  bluffs  east  of  Per- 
oival,  near  the  center  of  the  west  line  of  section  30,  Tp.  68  N.,  K. 
XLII  W.  This  sand  is  rather  fine  and  is  probably  of  a  later  age 
than  the  bowlder  clay. 

Soils. 

The  wealth  of  this  region  is  due  chiefly  to  the  excellency  of 
the  soil,  which  is  for  the  most  part  a  porous  loess  or  loess  wash, 
with  a  deep  black  humus  on  all  the  lowlands.  Sandy  tracts  are 
almost  unknown  and  only  of  very  limited  extent  near  the  chan- 
nels of  the  Missouri  and  Nishnabotna  rivers.  A  few  acres  of 
such  soil  is. seen  on  the  south  side  of  the  Nishnabotna  west  of 
Biverton.  In  a  few  places  on  the  upland  slopes  the  red  gumbo 
clay  is  in  evidence,  and  bakes  in  dry  seasons.  The  best  lands, 
as  being  least  affected  by  seasonal  variations  in  rainfall,  are  the 
low  terrace  flats,  usually  known  as  the  ** second  bottoms.'*  In  dry 
seasons  such  land  is  low  enough  to  draw  moisture  by  capillarity 
from  below  and  in  wet  seasons  it  is  high  enough  and  the  soil 
porous  enough  to  allow  the  superfluous  precipitation  to  sink  away 
into  the  sandy  ground  below. 
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INTBODUCTION. 

LOCATION   AND   AREA. 

Tama  county  was  named  after  the  Musquakee  Indian — Tai-o- 
malL*  It  embraces  a  beautiful  area  situated  in  the  east-central 
portion  of  Iowa.  It  lies  in  the  middle  row  of  counties  extending 
east  and  west  and  in  the  second  tier  to  the  east  of  the  center  of 
the  state.  The  counties  of  Grundy  and  Black  Hawk  border  it  on 
the  north  and  Benton  lies  on  the  east  Poweshiek  county  touches 
it  on  the  south  and  Marshall  and  Grundy  f ormi  its  western  bound- 
ary. 

Tama  county  embraces  an  area  inchided  by  the  United  States 
land  survey  in  the  townships  82  to  86  north  and  ranges  13  to  16 
west  of  the  fifth  principal  meridian.  It  is  a  rectangle  in  form, 
thirty  miles  in  length  north  and  south  and  twenty-four  miles  in 
width.  It  comprises  twenty  congressional  townships  which  give 
it  an  area  of  720  square  miles.  One  of  these  congressional  town- 
ships, that  in  which  the  the  towns  of  Tama  and  Toledo  are  situ- 
uated,  has  been  divided  into  two  civil  townshii)s.  Sections  1  to 
24  inclusive  form  the  civil  township  of  Toledo,  while  the  renyun- 
ing  sections,  25  to  36,  constitute  the  township  of  Tama. 

A  part  of  this  fortunate  area  lies  within  the  limits  of  the  lowan 
drift  plain,  and  furnishes  to  the  agriculturalist  a  soil  unsurpassed 
in  its  depth  and  productiveness  by  any  portion  of  our  fertile 
state.  The  southern  part  of  the  county  is  richer  in  the  wealth  of 
forest  growth  and  woodland  beauty.  The  steeper  hill  slopes  and 
broad  valleys  where  less  suitable  for  constant  tillage  afford  for 

*MoOee:  Eleyenth  AtihtujI  Beport  U.  S.  OeoL  Surv. ,  p.  81& 
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grazing  pmpofies  conditocis  but  seldom  equaled.  Tb  the  eaxUcir 
settlers  of  Iowa  this  region  must  have  appeared  a%  a  happy  land 
in  which  to  found  a  home.  The  well  wooded  southern  portion 
would  appeal  to  the  pioneer  who  had  migrated  from  the  timber 
(listricts  of  the  east;  and  would  assure  to  him  and  his  posterity 
th?  possibility,  of  an  abundance  of  fuel  with  which  to  meet  the 
rigors  of  western  winters,  while  clpse  at  hand  stretched  the  tree- 
less prairie  of  the  lowan  drift  plain  waiti/ig  only  for  the  plow  and 
the  seed  to  reward  the  husbaiidman  with  bountiful  harvests.  Al- 
though there  are  but  few  exposures  of  indurated  rock&  over  this 
region,  yet  to  the  geologist  the  county  presents  fe^^tures  of  more 
than  usual  interest  for  the  reason  that  the  soils  of  the  area  have 
been  derived  from  two  different  ice  invasions,  separated  |  from 
each  other  by  an  exceedingly  long  interval  of  time ;  while  the  well 
borings  and  excavations  reveal  the  presence  of  a  third  drift  sheet 
underlying  and  very  much  older  than  either  of  the  other  two.  [ 

EARLIER  GEOLOGICAL   WORK.  ,w 

In  his  description  of  the  range  of  the  Carboniferous  limestone 
in  Iowa,  published  in  1852,  D.  D.  Owen  mentions  the  exposures 
along  the  Iowa  river  on  the  western  border  of  Tama  county.  He 
also  describes  the  symmetrical  mound-like  form  of  some  of  the 
outliers  of  the  limestone  in  this  region,  and  figures  one  which 
doubtless  represente  what  is  known  locally  as  the  Devil's  Anvil, 
near  the  Tama  and  Marshall  county  line.  Professor  Owen  in- 
cluded the  southwest  comer  of  the  conmty  within  the  limits  of  the 
coal  fields  of  the  state.* 

In  his  report  on  the  Geology  of  Iowa  in  1858,  Professor  James 
Hall  notices  the  meagreness  of  the  rock  exposures  over  the  sur- 
face of  Tama  county,  and  refers  to  one  or  two  outcrops  which  he 
found  near  Butlerville,  or  Indian-town.  In  this  connection  he 
pays  a  tribute  to  the  excellent  quality  of  the  soil  over  the  par- 
ticular region  under  consideration,  f 

Professor  C.  A.  White,  State  Geologist  of  Iowa  from  1866-1869, 
devotes  two  or  three  pages  in  his  report  to  a  description  of  the 
rocks  and  the  quarries  which  are  found  near  Le  Grand.  The 
greater  part  of  this  description  might  with  almost  equal  propriety 

*Owen:   Oeol.  Surv.  of  Wisoonslii,  Iowa  and  Minnesota,  pp.  66,  99,  101  and  102. 
fHall:   Geol.  of  Iowa,  Vol.  1,  pt.  1,  pp.  200-208. 
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be  applied  to  the  exposures  in  Tama  county  about  one  mile  far- 
ther down  the  Iowa  river.* 

Tama  county  is  included  within  the  area  of  northwestern  Iowa, 
the  Pleistocene  history  of  which  has  been  so  beautif u&srwritteoi  by 
W  J  McGee.f  He  refers  to  the  exposures  of  the  Eanderhook 
limestone  along  the  Iowa  river  between  Marshall  andi  Tamai,  and 
mentions  the  wide  character  of  the  flood  plain  of  the  river  as  it 
meanders  through  the  county.  He  speaks  of  the  deep  covering 
of  loess  over  the  hills  west  of  Tama  City  and  gives  a  few*  sections 
or  wells  within  the  area. 

In  1898  Mr.  H.  E.  Mosnat  published  a  report  on  the  artesian 
wells  of  the  Belle  Plaine  area,  in  which  area  the  southeastern  por- 
tion of  Tama  county  is  included.  Mr.  Mosnat  gives  a  general  de- 
scription of  the  deposits  associated  with  the  water  bearing  bed 
and  mentions  a  number  of  wells  put  down  within  the  borders  of 
the  district  under  discussion.;}: 

Two  years  ago  the  present  writer  published  a  short  paper  on 
an  exposure  of  pre-Kansan  drift  in  Tama  county.  § 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

General  Description. — Tama  county  embraces  a  region  of  ex- 
tensive level  or  undulating  prairies  unbroken  by  branch  or 
gully;  a  region  also  of  well  matured  drainage  where  deep  dissect-, 
ing  ravines  are  bordered  by  high  loess  covered  hills  and  abrupt 
slopes;  a  region  where  the  smooth  unsculptured  plain  of  the 
lowan  drift  gives  place  to  the  trenched  and  furrowed  surface  of 
the  Kansan.  The  line  of  surface  contact  along  which  these  two 
drift  sheets  meet  is  indicated  by  a  border  of  irregular  hiUs ;  the 
drift  of  which  they  are  largely  composed  is  of  Kansan  age  while 
the  caps  of  sand  or  loess  were  probably  deposited  during  the  time 
the  lowan  ice  prevailed  and  stood  at  its  maximium  southward  ex- 
tension. 


•White:    Geol.  of  Iowa,  Vol.  II,  pp.  312-314. 

+  McQee;   Pleistocene  History  of  Northcaatern  Iowa,  Eleventh  Ann.  Rep.  U.  S.  Geol.  Surv- 
pp.  409,  428,  432,  470  and  628,  1889-1890. 

:  Mosnat:   Iowa  Geol.  Surv.,  Vol.  IV,  pp.  528-5e2. 
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In  some  places  where  a  lobe  of  the  lowan  ioe  advanoed  farther 
south  than  the  main  sheet  the  mantle  of  drift  which  was  left  is  so 
thin  that  the  characteristic  features  of  the  lowan  plain  were  not 
impressed  upon  the  area.  Here  we  have  a  mixed  or  hybrid  topo- 
graphy where  the  subdued  hills  of  Kansan  drift,  in  many  oases 
covered  with  beds  of  sand  or  loess  twenty  to  twenty-five  feet  in 
thickness,  look  down  upon  valleys  choked  and  filled  with  glacial 
debris  in  which  are  found  drift  and  granite  bowlders  of  the 
lowan  age. 

Besides  the  above  mentioned  topographic  features  the  very 
wide  flood  plains  through  which  the  most  of  the  larger  streams  of 
the  county  flow,  present  their  characteristic  level  type  of  sur- 
face. 

The  lowan  Drift  Plains.— A  sinuous  line  of  hills  which  marks 
the  southern  margin  of  the  lowan  drift  sheet  enters  on  the  west 
side  of  Tama  county  about  one  and  one-half  miles  north  of  the 
Iowa  river,  near  the  southwest  comer  of  section  30,  Carlton  town- 
ship. From  this  point  it  trends  southeast  for  about  one  mile,  to 
the  eastern  part  of  section  31,  then  passes  north  for  two  and  one- 
half  miles.    Near  the  southeast  comer  of   section    18  these  low 


Fig.  19.  Marfdn  of  tho  lotvis  Kansan  area  in  Carlton-  tuw^uHhip,  ahoninf;  the  rid^ra  which  mark 
the  border  of  the  lowan  drift  plain. 
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ridges  which  ooiistitute  this  lowan  moraine  trerod  eastward,  reach- 
ing  Deer  eredc  about  one-fourth  of  a  mile  south  of  the  oorporatioii 
limits  of  the  town  of  Garwin.  Prom  this  point  they  trend  towards 
the  northeast,  aoross  Howard  township,  entering  Carroll  township 
near  the  southwest  comer  of  section  6.  Thence  they  continue  so 
nearly  eastward  that  where  they  leave  section  10,  four  miles  fur- 
ther east,  they  have  scarcely  passed  one-mile  to  the  south.  The 
border  of  hills  now  bends  to  the  southeast  and  continues  parallel 
with  the  channel  of  Salt  creek  i)assing  across  section  11  and  the 
southwest  comer  of  section  12,  then  drops  southward  for  over  a 
mile,  leaving  the  township  about  one-fourth  of  a  mile  south  of  the 
northeast  comer  of  section  24.  For  a  distance  of  one  and  three- 
fourths  miles  it  continues  southeast.  It  then  bends  west  for  one 
mile  along  the  north  side  of  section  31 ;  then  turning  to  the  south- 
east it  crosses  section  31  and  the  southwest  comer  of  section  32, 
entering  York  township  about  the  middle  of  the  north  side  of 
section  5.  Continuing  Boutheast  one-half  mile  and  then  east  for 
three  quarters,  it  bends  southward  for  a  distance  of  two  miles 
and  one-half.  It  then  trends  southeast  for  about  one  mile;  bend- 
ing south  one  mile  further  it  passes  nearly  due  east  for  three- 
quarters  of  a  mile  and  then  bends  to  the  southeast,  continuing 
parallel  with  the  valley  of  Salt  creek  across  section  26,  the  north- 
east comer  of  35  and  the  southwest  comer  of  36,  entering  Salt 
Creek  township  about  one-half  mile  west  of  the  town  of  Irving. 
It  continues  in  a  general  southeast  direction  passing  out  of  Tama 
county  near  the  southeast  comer  of  section  1  of  Salt  Creek  town- 
ship. 

All  of  that  portion  which  lies  to  the  north  of  the  line  traced 
above,  embracing  about  one-half  of  the  area  of  the  county,  is  a 
part  of  the  extensive  plain  of  lowan  drift  which  stretches  away  to 
the  northward  beyond  the  limits  of  the  state.  This  surface  is 
generally  level,  or  but  slightly  undulating.  The  drainage  is  but 
imperfectly  developed  over  most  of  the  area.  The  broad,  shallow 
channels  along  which  the  excess  of  water  is  discharged  head  in 
seepy  sloughs  or  swales,  and  the  most  of  the  smaller  streams  have 
scarcely  cut  a  definite  bed  in  which  their  waters  are  confined. 

The  northern  portion  of  the  county  is  crossed  by  Wolf  cre^. 
This  is  a  stream  of  considerable  size  which  has  cut  its  channel  to 
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a  depth  of  thirty  or  forty  feet  into  the  Kansan  drift  It  flows  in 
an  ancient  valley  which  was  excavated  before  the  invasion  of  the 
lowan  glaciers.  The  amount  of  drift  materials  that  was  carried 
by  the  lowan  ice  was  not  sufficient  to  completely  bury  the  old 
channel,  and  so,  when  the  ice  retreated,  the  waters  once  more  be- 
came established  in  this  pre-Iowan  bed.  Owing  to  the  very  thin 
mantle  of  lowan  drift  which  was  left  over  this  region  the  waters 
of  Wolf  creek  and  its  tributaries  have  been  able  to  remove  the 
greater  part  of  the  lowan  covering  from  the  immediately  adja- 
cent lands.  Such  erosion  has  occurred  whenever  a  slope  of  a  few 
degrees  has  been  developed,  exposing  along  the  roadsides  and  in 
the  banks  of  the  ravines  the  older  sheet  of  Kansan  till. 

There  is  thusi  a  belt,  two  to  four  miles  in  width,  bordering  Wolf 
creek,  which  lies  within  the  area  of  the  lowan  drift  but  which 
presents  the  bold  forms  of  water  sculpture  so  characteristic  of 
the  Kansan  plain.  The  physical  features  which  this  strip  pre- 
sents are  but  a  forecast  of  the  fate  which  will  eventually  overtake 
all  of  the  level  prairie  oofuntry  as  the  drainage  becomes  more  and 
more  perfected,  unless  there  intervenes  some  counteracting  force 
to  check  the  slow  but- ceaseless  work  of  the  stream  erosion. 

'From  the  main  sheet  of  lowan  drift  above  described  a  tongue 
shaped  lobe  having  an  average  width  of  about  six  miles,  extends 
southward  for  a  distance  of  eight  or  nine  miles,  reaching  one  mile 
below  the  city  of  Toledo  and  within  two  miles  of  the  Iowa  river. 
This  extension  may  be  called  the  Toledo  lobe  of  the  lowan  drift 
It  is  bordered  on  the  west,  from  the  point  where  it  leaves  the  main 
lowan  drift  sheet  about  the  middle  of  the  south  half  of  section  14 
of  Carlton  township  down  to  near  the  middle  of  section  21  of  To- 
ledo township,  by  the  hills  which  form  the  west  bank  of  the  valley 
of  Deer  creek.  From  the  latter  point  the  irregular  ridges  which 
mark  the  margin  of  the  lobe  trend  to  the  southeast  for  one-half 
mile  and  then  eastward,  continuing  in  an  undulating  line  near 
the  north,  side  of  sections  27,  26  and  25  of  the  township  of  Tama. 
They  enter  Otter  Creek  township  not  far  from  the  southwest  cor- 
ner of  section  19.  From  this  point  they  trend  in  a  northeasterly 
direction  across  the  southern  portion  of  section  19  and  bending 
further  to  the  north  they  cross  the  northwest  comer  of  section  20. 
Otter  creek  passes  throtagh  a  gap  in  these  hills  near  the  southwest 
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comer  of  section  17.  From  here  the  ridges  extend  in  a  ^nejral 
northerly  direction,  hending  alternately  eastward  and  westward, 
near  the  west  side  of  sections  17,  8  and  5.  They  lenter  Carroll 
township  near  the  southeast  comer  of  section  31.  Continning 
northward  with  a  slight  inclination  toward  the  west  for  a  dis- 
tance of  five  miles,  they  merge  into  the  morainic  hills  of  the 
proper  lowan  drift  plain  near  the  southwest  comer  of  section  6. 

This  Toledo  lobe  covers  the  greater  portion  of  Howard  town- 
ship, a  small  comer  of  Carlton,  a  little  more  than  the  east  half 
of  the  township  of  Toledo  and  a  narrow  strip  from  the  west  side 
of  the  townships  of  Otter  Creek  and  Carroll.  It  is  about  four  and 
one-half  miles  in  width  at  the  southern  extremity  and  nearly  eight 
miles  across  at  the  north  where  it  leaves  the  main  sheet  It  em- 
braces an  area  of  over  31,000  acres. 

Over  the  southern  portion  of  this  lobe  the  surface  is  that  of  a 
biUowy  prairie.  The  elevations  seldom  exceed  twenty  feet  above 
the  broad  channels  of  the  streams.  A  thin  covering  of  lowan 
drift  occurs  over  the  lower  lands  and  in  places  is  found  even  on 
the  tops  of  the  subdued  hills.  The  drift  is  of  the  typical  lowan 
character.  It  is  yellowish  brown  in  color.  T^e  iron  which  it  con- 
tains is  not  fully  oxidized  and  the  calcareous  matter  is  not  leached 
from  the  surface.  It  carries  but  few  pebbles  or  small  bowlders 
as  compared  with  the  Kansan  and  of  these  there  is  but  -i'  small 
percentage  of  the  dark  colored  trap  or  greenstones. 

Over  this  region  the  lo^an  drift  is  usually  concealed  beneath  a 
covering  of  loess  which  varies  from  a  foot  or  two  to  several  feet  in 
Ihickness.  Such  a  loess  covered  bed  of  lowan  drift  is  well  exposed 
along  the  roadside  between  sections  18  and  19  of  Otter  Creek 
township,  and'  again  about  the  middle  of  the  line  which  separates 
sections  23  and  26  of  Howard  township.  The  presence  of  loess 
overlying  lowan  drift  is  not  unique  over  the  state  but  this  is  not 
its  usual  mode  of  occurrence.  In  central  and  southern  Iowa  the 
deeper  beds  of  loess  are  found  covering  Kansan  drift  at  no  great 
distance  from  the  lowan  border.  It  seems  probable  that  then  as 
now  loess  materials  were  deposited  on  the  leeward  side  of  ob- 
structions to  dust-laden  currents  of  air,  or  where  in  the  path  of 
such  winds  the  soil  was  covered  with  vegetation  which  would 
serve  to  catch  and  retain  the  dust  particles  that  fell  upon  it  How- 
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ever,  the  distribnition  of  loess  over  this  portion  of  the  state  would 
indicate  that  during  the  time  when  the  lowan  ice  prevailed,  the 
conditions  were  exceptionally  favorable  for  its  deposition  and 
that  probably  the  source  of  much  of  the  material  might  have  been 
the  super-glacial  silt  from  the  lowan  ice  sheet  itself. 

Very  often  the  deposits  of  lowan  drift  are  found  in  the  valleys 
while  till  of  Kansan  age  comiposes  the  hills,  emerging  at  the  sur- 
faoe  along  the  upper  part  of  the  slopes.  Examples  of  hills  with 
Kansan  drift  exposed  at  the  top  and  having  lowan  materials 
flanking  the  base  may  be  seen  in  the  northern  part  of  section  35 
of  Howard  township,  and  along  the  middle  line  of  section  21  of 
the  same  township. 

The  lowan  ice  which  pushed  down  over  this  area  carried  quite 
a  large  number  of  light-colored,  granite  bowlders.  These  bowl- 
ders are  usually  from  four  to  eight  feet  in  diameter  but  individ- 
uals ten  to  twelve  feet  in  length  are  not  rare,  while  one  specimen 
was  seen  with  a  long  diameter  of  about  thirty  feet.  Bowlder 
strewn  fields,  some  of  the  rocks  of  large  size,  may  be  seen  about 
eighty  rods  somth  of  the  Toledo  and  Cedar  Kapids  road,  one  in 
thei  eastern  part  of  section  23,  and  another  in  the  western  part  of 
sectioxi  24  of  Toledo  township.  Occasional  bowlders  dot  ihe  sur- 
face along  the  courses  of  streams  over  all  of  this  region.  They 
are  seldom  found  on  the  higher  points  but  seem  to  have  been  left 
during  the  process  of  the  melting  of  the  ice  that  carried  them, 
either  on  the  lower  flanks  of  the  slopes  or  along  the  beds  of  the 
streams. 

The  topographic  features  of  an  area  across  the  middle  ix^rtion 
of  this  lobe  are  bolder.  The  tope  of  the  hills  stand  in  many  places 
forty  to  fifty  feet  above  the  valleys.  The  contours  are  quite  sharp 
and  the  slopes  are  steep.  The  irregular  character  of  these  sand 
or  loess  capped  hills  resembles  very  closely  the  ridges  which  are 
found  around  the  margin  of  the  lowan  drift  plain.  Even  here, 
however,  the  stream  channels  choked  and  clogged  with  aqueo- 
glacial  debris,  the  occurrence  of  lowan  drift  near  the  base  of  the 
hills,  and  the  presence  of  large,  light-colored,  granite  bowlders 
along  the  valleys,  bear  indubitable  testimony  to  the  former  pres- 
ence of  the  lowan  ice  sheet.  The  axes  of  these  hills  are  composed 
of  Kansan  drift,  but  their  tops  are  usually  covered  with  sand  ox 
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Fig.  20.  View  showing  the  topography  of  the  Toledo  lobe  in  the  edge  of  the  hills  which  cross  the 
central  portion  of  this  extension  of  lowan  drift ;  showing  also  a  large  bowlder  of  lowan  age 
stranded  near  the  top  of  one  of  the  hills.  The  lowan  bowlders  are  usually  found  only  at  or 
near  the  foot  of  the  hills.  About  one  and  one-half  mile  northwest  of  the  county  i>oor  farm, 
Toledo  township. 

with  loess,  often  to  a  depth,  of  from  fifteen  to  thirty  feet.  A  short 
distance  south  of  the  Monticello  church  in  section  33  of  Howard 
township,  the  road  has  been  cut  through  a  bank  of  loess,  expos- 
ing a  depth  of  about  fifteen  feet,  while  in  the  valley  a  short  dis- 
tance away  there  may  be  seen  a  bed  of  lowan  drift.  The  loess 
at  this  place  is  very  fossiliferous,  containing  numerous  individ- 
uals of  species  of  Polygyra,  Succinea,  Pupa  and  other  common 
genera.  Examples  of  sand  covered  hills  over  this  area  are  num- 
erous, but  typical  places  have  been  already  cited. 

The  peculiar  topography  of  the  Toledo  lobe,  the  presence  of 
loess  overlying  the  lowan  drift,  together  with  the  veiy  scant 
amount  of  material  that  the  lowan  ice  sheet  left  over  its  surface 
would  seem  to  indicate  an  unusual  episode  in  the  histoiy  of  the 
lowan  ice  action.  The  phenomena  which  it  pi^esents  lend  them- 
selves to  the  following  interpretation.  During  the  early  stages  of 
the  extension  of  the  lowan  glacier  a  narrow  lobe  of  ice  was  pushed 
southward  beyond  the  main  body  over  the  deeply  eroded  Kansan 
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surface,  covering  the  area  outlined  aa  the  Toledo  lobe.  For  some 
reason  the  pressure  from  behind  soon  became  insufficient  to  keep 
up  the  movement  over  this  lobe  and  the  ixse  which  covered  the 
region  became  dead,  and  gradually  melted  where  it  came  to  rest. 
As  the  glacier  moved  slowly  over  the  old  Kansan  surface,  the 
stones  which  were  held  fast  along  the  bottom  of  the  ice  would 
form'  instruments  of  attrition  of  the  most  effective  kind.  The 
materials  on  the  tops  of  the  hills,  even  though  frozen  solid,  could 
not  but  yield  rapidly  to  this  grinding  action  of  the  ice.  The  de- 
bris worn  off  from  the  higher  points  woqild  be  pushed  o^/er  into 
the  valleys  to  the  leeward  of  the  advancing  ice  sheet  In  this 
manner  the  surface  inequalities  would  gradually  be  reduced  both 
by  the  constant  wearing  down  of  the  greater  elevations,  and  by 
the  no  less  constant  filling  of  the  valleys  with  the  materials!  re- 
moved from  the  tops  of  the  hills.  Owing  to  the  short  period  dur- 
ing which  the  flow  of  ice  continued  over  this  surface,  the  tops  of 
the  Kansan  hills  were  not  subjected  to  the  powerful  abrading  ac- 
tion of  great  masses  of  moving  ice  for  so  long  a  period  as  were 
those  where  the  flow  continued  for  the  whole  time  during  which 
the  lowan  ice  prevailed.  As  a  consequence  the  pre-Iowan  sur- 
face here  was  not  planed  down  to  the  same  extent  as  it  was  over 
the  area  covered  by  the  main  sheet  of  the  lowan  drift. 

'The  generally  smooth  character  of  the  lowan  drift  surface  is 
probably  due  more  to  the  leveling  action  of  thick  masses  of  ice 
moving  over  the  region  than  to  the  amount  of  materials  trans- 
ported from  great  distances  which  the  ice  left  as  it  retreated.  The 
lowan  ice  did  not  generally  carry  such  a  large  amount  of  drift 
and  debris  as  the  Kansan,  as  is  witnessed  by  the  comparatively 
thin  sheet  of  materials  which  is  usually  found  covering  the  Kan- 
san drift  over  the  main  lowan  plain.  However,  it  is  probable 
that  the  small  quantity  of  ice  which  melted  over  this  lobe  would 
be  one  good  and  sufficient  reason  for  the  unusually  thin  mantle 
of  lowan  materials  that  is  found  over  its  surface. 

The  cause  or  causes  which  resulted  in  the  early  cessation  of  the 
flow  of  ice  over  this  lobe  did  not  produce  their  full  effect  at 
once.  The  movement  probably  ceased  quite  suddenly  over  the 
southern  half  of  the  area,  but  its  withdrawal  from  the  northern 
portion  was  accomplished  much  more  slowly  and  at  a  much  less 
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uniform  rate.  A  halting  in  the  retreat  of  the  ice  near  the  central 
portion  of  the  lobe,  its  line  of  lo^er  limit  receding  but  very  slow- 
ly through  a  long  period  of  time,  would  result  in  the  accumula- 
tion around  its  margin  of  deposits  of  sand  and  loess  by  the  over- 
wash  of  materials  liberated  from  the  melting  ice  and  by  the  ac- 
tion of  winds  sweeping  over  the  surface  of  the  ice  sheet  and  lay- 
ing down  their  load  to  the  leeward  of  its  margin. 

•As  a  consequence  of  such  deposition  the  Kansan  hills  imme- 
diately around  the  border,  which  had  been  leveled  down  to  some 
extent  by  the  ice  moving  over  them,  were  built  up  to  a  height 
twenty  to  thirty  feet  above  the  more  elevated  points  in  the  south- 
em  portion  of  the  lobe.  During  this  time,  also,  much  of  the 
fine-grained  loess  materials  gathered  up  by  the  winds  would  be 
carried  out  some  distance  beyond  the  margin  of  the  ice,  and  thus 
the  southern  portion  of  the  lobe  would  receive  a  mantle  of  loess 
above  the  lowan  drift  which  had  been  previously  deposited  over 
the  area.  When  the  ice  melted  there  was  left  Ihe  belt  of  sand  or 
loess  crowned  hills,  one-half  mile  to  a  mile  in  width,  which  forms 
so  conspicuous  a  feature  across  the  north-central  portion  of  the 
lobe. 

Some  time  before  the  entire  withdrawal  of  the  lowan  glacier 
from  the  county,  the  flow  of  ice  ceased  over  thQ  northern  portion 
of  the  lobe,  the  margin  retreated  to  about  the  same  distance 
southward  as  that  of  the  main  body  of  the  lowan  ice.  Along  this 
border  a  new  series  of  ridges  was  formed,  but  the  width  of  this 
belt  is  less  than  that  of  the  one  which  crosses  the  central  portion 
of  the  lobe.  The  individual  ridges  are  also  lower  and  less  con- 
sjncuousl  Pleasant  Hill  church,  situated  about  the  middle  of  the 
south  side  of  section  2  of  Howard  township,  is  located  on  one  of 
the  ridges  of  this  moraine. 

After  the  retreat  of  the  ice  from  the  Toledo  lobe  and  probably 
before  the  entire  withdrawal  of  the  lowan  sheet  from  this  por- 
tion of  the  state,  a  deposit  of  loess  was  laid  down  in  places  over 
the  northern  portion  of  the  area  under  consideration. 

With  this  deposit  and  the  retreat  of  the  ice,  the  stage  of  the 
lowan  ice  invasion  was  closed.  From  that  time,  so  long  ago 
when  measured  in  years  yet  so  recent  from  a  geological  point  of 
Anew,  the  forces  of  weathering  and  erosion   have  modified   but 
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slightly  the  topographic  forms  of  its  surf axje,  adding  only  the  last 
touches  to  the  features  which  the  region  presents  today. 

A  third  body  of  lowan  drift  occurs  in  Tama  county  on  the 
south  side  of  the  river.  This  area  is  an  extension  eastward  of 
the  lowan  drift  plain  from  Marshall  county.  Its  northern  mar- 
gin follows  quite  closely  the  Iowa  river  bluff  for  a  distance  of 
over  two  miles,  reaching  within  one-half  mile  of  the  towns  of 
Butlerville  and  Montour.  From-  here  it  stretches  away  to  the 
southeast  across  sections  33  and  34  of  Indian  Village  township 
and  passing  across  sections  2  and  12  of  the  township  of  Highland 
it  extends  eastward  about  one  and  one-half  miles  into  the  town- 
ship of  Columbia,  The  southern  margin  of  this  extension  fol- 
^■'■'^  lows  westward  near  the  north  side  of  Richland  creek  to  about 

section  23  of  Highland  township  where  this  body  of  lowan  ice 
merges  into  a  southern  area  which  is  bounded  on  the  north  by 
^i  the  valley  of  Richland  creek  and  which  extends  eastwaid  to  the 

vL  southeast  comer  of  Columbia  township.    This   area  of   lowan 

drift  stretches  away  southward  into  the  county  of  Poweshiek.  It 
is  probable  that  the  body  of  lowan  drift  south  of  the  river  was 
a  continuous  area  and  that  the  seeming  division  which  appeara 
y.  along   Richland  creek  is  due  to  the  removal  of  all  traces  of  the 

-  lowan  deposits  by  the  erosion  of  that  creek  and  its  aflluents  in 

^.  this  particular  region. 

The  topography  of  this  lowan  drift  plain  is  somewhat  similar 
i  to  that  of  the  southern  portion  of  the  Toledo  lobe.    The  hills  are 

r  subdued  but  not  effaced.     The  stream  channels  are  obstructed 

but  not  filled  to  such  an  extent  as  to  prevent  effective  drainage. 
There  are  no  great  surface  inequalities  over  the  area,  the  tops 
of  the  hills  usually  standing  not  more  than  twenty  or  twenty- 
five  feet  above  the  valleys.  There  are  fewer  bowlders  left  over 
this  region  than  occur  over  the  lowan  areas  north  of  the  river. 
However,  a  few  individuals  of  large  size  may  be  seen  about  the 
middle  of  the  line  which  separates  sections  26  and  27  of  High- 
land township  and  others  again  near  the  southwest  comer  of  sec- 
tion 29  and  the  southeast  comer  of  section  30  of  Columbia.  It 
would  seem  as  if  the  lowan  ice  sheet  which  spread  over  this 
portion  of  the  county  must  have  been  exceedingly  thin;  that  its 
flow  continued  but  a  very  short  time,  and  that  it  carried  but  a 


200 


GEOLOGY   OF   TAMA   COUNTY. 


scanty  amount  of  detritus  of  any  kind.  The  hill  slopes  in  num- 
bers of  places  expose  the  oxidized  Kansan  drift  overlain  with 
a  mantle  of  loess;  almost  the  whole  of  this  area  being  loose  cov- 
ered. The  word  mantle  is  an  appropriate  term  as  applied  to  the 
loess.  Wherever  it  occurs  in  the  county  it  forms  a  doak  or  blaur 
ket,  usually  thin,  which  conf onns  in  almost  every  case  to  the  pre- 
existing inequalities  of  the  surface  over  which  it  lies.  Good  expos- 
ures of  typical  lowan  drift  are  here  exceedingly  rare.  However, 
the  hills  are  not  so  high,  the  contours  are  not  so  sharp  and  the 
stream  channels  are  not  so  open  nor  so  deep  as  they  are  over  the 
typical  areas  of  Kansan  drift  The  occasional  large  bowlders  of 
gray  granite  which  sentinel  the  drainage  courses  are  added  wit- 
nesses to  a  transient  visit  of  the  lowan  ice. 

The  Kcmscm  Drift  Areas. —On  the  north  side  of  the  Iowa  river 
and  to  the  west  of  Salt  creek  a  body  of  Kansan  drift  extends 
northward  to  the  margin  of  the  lowan  drift  plain.  The  area  is 
nearly  cut  in  two  by  the  southward  extension  of  the  Toledo  lobe 
above  described.    The  topography  of  this  region  is  exceedingly 


Fig.  21.  View  showing  the  topography  of  the  loess  Kansan  area  near  the  southern  i>ortlon  of  Tama 

county. 

irregular  and  its  forms  have  been  molded  by  the  action  of  long 
continued  erosion.    The  surface  is  dissected   in   all   directions 
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with  an  intricate  system  of  drainage  channels.  The  numerous 
streaxDSy  each  with  its  series  of  pinnately  branching  tributaries^ 
h^ve  carved  the  entire  region  into  altematiiig  ridges  and  ravines. 
The  npl^ds  are  narrow.  The  hills  are  high.  Their  tops  are 
crowned  with  a  deep  deposit  of  loess  which  heightens  the  in- 
equalities of  the  surface.  The  slopes  are  steep  as  is  usually  the 
case  when  deeply  loess  covered'  districts  are  subjected  to  strong 
erosion.  The  smaller  stream  channels  are  sharply  an^ar  and 
the  forces  of  erosion  are  energetic  at  the  present  time.  From 
the  west  portion  of  this  area,  a  narrow  strip  of  Kansan  drift, 
varying  from  forty  to  eighty  rods  in  width,  extends  northward 
along  the  west  bluff  of  the  valley  of  Deer  creek  for  a  distance  of 
aoout  five  miles.  This  peculiar  belt  is  typical  Kansan  in  character 
and  for  some  unknown  reason  was  avoided  by  the  lowan  ice  which 
camie  down  on  either  side. 

The  hills  which  form  the  north  bluff  of  the  Iowa  river  valley 
6re  in  many  places  covered  with  sand.  These  deposits  are  prob- 
ably in  the  nature  of  dunes,  the  materials  having  been  gathered 
up  by  the  winds  as  they  swept  down  the  broad  valley  of  the 
river.  Examples  of  such  hills  occur  along  the  river  bluff  a  few 
miles  east  of  Chelsea  and  again  a  short  distance  east  of  the  town 
of  Gladstone.  In  the  western  part  of  the  county,  the  sand  hills 
are  replaced  by  loess  capped  bluffs.  Such  deposits  appear  about 
one  and  one-half  miles  east  of  Tama.  At  this  place  in  a  loess 
bank  about  twenty  feet  in  depth  Mr.  Bentley  obtains  day  for 
the  manufacture  of  brick  and  tile.  Several  miles  farther  up  the 
river,  along  the  south  side  of  section  13  of  Indian  Village  town- 
ship, beds  of  very  fossiliferous  loess  crown  the  bluffs  which  over- 
look the  broad  valley  opposite  the  town  of  Montour. 

On  the  south  side  of  the  river  the  Kansan  drift  is  also  overlain 
by  a  blanket  of  loess.  Deposits  of  loess  and  till  of  Kansan  age 
constitute  the  superficial  materials  over  all  the  the  southern  por- 
tion of  the  county  east  of  the  lowan  area  above  described.  The 
topography  of  this  region  resembles  in  a  general  way  that  of  the 
Kansan  drift  area  lying  to  the  north  of  the  river.  Rounded,  irreg- 
ular knolls  and  open,  sharp  ravines  alternate  in  almost  endless 
succession.     The  land  features  are  mature  and  long  continued 
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erosion  has  intersected  the  region  with  such  a  network  of  stream 
<shatnnel8  that  the  level  upland  areas  are  few,  scattered  and  of 
small  extent.  The  beds  of  loess  are  not  quite  so  deep  as  on  the 
north  side  of  the  river,  bnt  here  also  f  reqnent  de^posits  of  loess 
and  sand  cap  the  bluffs  which  form  the  south  wall  of  the  valley 
of  the  Iowa  river. 

Stream  Flood  Plains. — The  valley  of  the  Iowa  river  which 
passes  diagonally  across  the  southern  portion  of  the  county  has 
an  average  width  of  more  than  two  miles.  Over  this  broad  plain 
the  river  meanders  from  side  to  side  in  a  series  of  broad,  swing- 
ing curves.  Cul^offs  have  been  made  in  the  past  and  ox-bow 
lakes  oocur  at  a  number  of  places  over  the  plain.  A  good  exam- 
ple of  guch  a  curved  lake  may  be  seen  a  short  distance  above  the 
town  of  Montour,  and  several  others  occur  in  Salt  Creek  town- 
ship below  the  town  of  Chelsea.  The  river  swamp  is  not  per- 
fectly drained  and  shallow  marshes  are  not  infrequent  over  the 
area  at  some  distance  from  the  river.  The  bed  of  the  river  is 
but  twelve  or  fifteen  feet  below  the  level  of  the  river  swamp  so 
that  the  whole  plain  is  subject  to  inundation  during  periods  of 
great  flood,  such  as  occurred  in  the  summer  of  1902. 

The  river  is  bordered  throughout  almost  its  entire  distance  in 
the  county  by  steep  bluffs  forty  to  seventy  feet  in  height.  These 
hills  are.  usually  composed  of  Kansan  till  capped  with  a  bed  of 
loess  or  sand.  Ledges  of  indurated  rock  outcrop  in  the  banks 
only  for  a  short  distance  in  the  western  part  of  its  course  after 
it  enters  from  Marshall  county. 

Each  of  the  larger  creeks  flows  in  a  broad  alluvium  covered 
valley  one-half  mile  to  a  mile  in  width,  which  seems  entirely 
out  of  proportion  to  the  size  of  the  stream  which  it  accommo- 
dates. These  valleys,  like  that  of  the  Iowa  river,  were  prob- 
ably excavated  in  preglacial  times.  They  are  guarded  by  hills 
of  drift  whose  tops  usually  overlook  the  plain  from  a  height  of 
forty  or  fifty  feet. 

The  following  elevations  taken  from  Gannett 's  Dictionary  of 
Altitudes  in  the  United  States  will  give  the  height  above  sea  level 
of  some  of  the  principal  places  in  the  county. 
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Berlin 1,056 

Gladbrook ,  Chicago  &  Great  Western  railroad 949 

Gladbrook,  Chicago  A  North- Western  railroad 945 

Garwin , 792 

Toledo,  Chicago  &  North- Western  railroad •    847 

Toledo,  Weather  Bureau , 856 

Tama,  Chicago  &  North-Western  railroad 820 

Tama,  Chicago^  Milwaukee  &  St.  Paul  railroad 827 

Potter 863 

Le  Grand. 933 

Montour 845 

Gladstone 835 

Vining , 865 

Chelsea 789 

Elberon : 844 

Dysart.. ;   968 

Traer,., , 916 

Dinsdale , 928 

It  will  be  noticed'  in  the  above  table  that  the  most  of  the  places 
mentioned  from  the  south  and  west  sides  of  the  county  are  situ- 
ated on  low  bottoms,  as  the  flood  plain  of  the  Iowa  river  and  of 
Deer  creek ;  while  most  of  those  given  from  the  north  and  eastern 
portion  of  the  area  are  located  on  the  uplands  of  the  lowan  drift 
plain. 

DRAINAGE. 

From  a  consideration  of  the  table  of  elevations  it  will  be  seen 
that  the  highest  portion  of  the  county  is  in  the  northwest  comer 
and  the  lowest  part  is  in  the  southeast.  The  diflFerence  in  the 
altitude  between  these  points  is  267  feet  The  surface  over  the 
northern  portion. of  the  county  slopes  gently  towards  the  east 
while  in  the  central  and  southern  portions  it  is  inclined  towards 
the  south  as  well  as  east.  As  would  be  expected  the  streams  of 
the  area  follow  the  direction  of  the  slope,  conforming  in  a  gen- 
eral way  to  the  normal  direction  of  flow  of  the  rivers  of  eastern 
Iowa. 

The  surface  of  the  county  is  fairly  well  drained,  even  over  the 
more  level  portions  of  the  lowan  drift  plain.  The  streams  be- 
long to  two  principal  drainage  systems,  the  Cedar  river  and 
the  Iowa.  The  divide  passes  east  and  west  across  the  central 
portion  of  Spring  Creek  township,  dipping  a  little  south  of  the 
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middle  of  Crystal  and  thence  acroesi  nearly  the  central  portion 
of  the  townships  of  Perry  and  Clark.  The  town  of  Dysart  stands 
on  the  sonth  edge  of  this  watershed.  Cedar  river  receives  all  of 
the  excess  of  water  which  falls  npon  the  surface  north  of  the 
divide,  draining  almost  one-third  of  the  area  of  the  county.  The 
Iowa  river  is  the  master  stream  of  all  of  the  central  and  southern 
portion  of  the  r^on  under  consideration. 

The  Iowa  River. — The  Iowa  river  enters  Tama  county  from' 
Marshall  near  the  northwest  comer  of  section  6  of  Indian  Village 
township.  It  holds  a  general  southeasterly  course  winding  diag- 
onally across  Indian  Village  township  and  the  townshii^  of  Tama, 
the  northeast  comer  of  Columbia,  the  north  half  of  Richland  and 
the  central  and*  southern  portion  of  Salt  Creek.  It  leaves  the 
county  about  the  middle  of  the  east  side  of  section  36  of  the  lat>- 
ter  township.  Following  all  of  its  numerous  curves  and  zigzag 
windings,  the  waters  of  the  Iowa  river  flow  for  a  distance  of 
about  fifty-five  miles  within  Tama  county.  From  the  north  it 
receives  tribute  from  Sugar,  Deer,  Otter  and  Salt  creeks,  while 
Raven,  Bennett  and  Richland  creeks  flow  into  it  from  the  south. 

For  the  first  six  miles  after  entering  the  county  the  curves  of 
the  river  have  deflected  the  current  against  the  opposing  banks, 
cutting  them  away  at  intervals  so  far  as  to  expose  ledges  of  Kin- 
derhook  limestone  in  the  bluffs  which  border  the  valley.  During 
all  of  the  rest  of  its  course  the  river  meanders  in  a  broad'  valley 
which  in  preglacial  times  was  excavated  in  the  Lower  Carbonif- 
erous limestone.  Wells  which  have  been  bored  over  this  broad 
flood  plain  indicate  that  the  preglacial  channel  was  cut  down 
175-200  feet  below  the  bed  of  the  present  river.  This  ancient 
channel  was  filled  with  drift  brought  down  by  the  pre-Kansan 
and  Kansan  ice.  The  present  river  has  cut  a  valley  into  the  Kan- 
san  drift  two  miles  in  width,  to  a  depth  of  forty  to  seventy  feet 
below  tlie  general  leve]  of  the  uplands.  The  widtli  of  the  pre- 
glacial valley  has  not  been  determined  as  in  no  place  along  this 
I)art  of  its  course  have  the  bordering  ledges  of  rock  been  ex- 
posed. 

Wolf  Creek. — Of  the  streams  of  the  county,  Wolf  creek  is  sec- 
ond in  size  only  to  the  Iowa  river.  It  is  the  major  stream  of  all 
of  the  northern  portion  of  the  county.    It  rises  in  the  gullies  and 
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&harp  trenches  which  have  been  graven  into  the  surface,  of  the 
eastern  portion  of  Marshall  county.    It  passes  across  tlie  north- 
em  part  of  the  townships  of  Spring  Creek,  Crystal  and  Perrj\ 
Thence  bending  to  the  northeast,  it  crosses  the  southea^^t  comer 
of  Buckingham  and  continues  eastward  near  the  central  portion 
of  Geneseo  township.    It  leaves  the  countv  about  the  middle  of 
the  eaflt  side  of  the  latter  township,  a  short  distance  before  it 
makes  the  more  abrupt  turn  northward  to  meet  the  Cedar  river. 
That  part  of  its  basin  which  is  included  in    Tama    county    em- 
braces an  area  of  about  225  square  miles.    This  stream  fojlows 
along  very  close  to  the  south  side  of  its  basin.    It  receives  but 
a  few  short,  insignificant  affluents  from   the   south,    while   the 
streams  which  pay  tribute  to  it  from  the  north  are  much  larger, 
more  numerous  and  much  more  widely  branching.    While  lying 
wholly  in  the  lowan  drift  plain,  Wolf  creek  is  an  excellent  ex- 
ample of  the  eastward  flowing  streams  which  have  developed 
one  sided  basins;  the  major  stream  having  cut  its  channel  close 
to  the  south  side  of  the  area  which  it  drains.    McGee  noticed  that 
many  of  the  eastward  flowing  streams  of  the  ** loess  drift"  portion 
of  the  state  presented  this  peculiarity,  and,  as  applied  to  such 
streams  in  Poweshiek  and  Iowa  counties,  he  suggested  the  fol- 
lowing explanation.*    He  considers  the  drainage  systems  of  the 
** loess  drift"  area  to  be  determined  by  a  number  of  planes  the 
north  rim  of  each  being  sharply  uptilted  and  from  this  ridge 
the  plane  inclines  southward  in  a  long  gentle   slope ;   the  east 
flowing  waterway   in  each  case  being  located  along  the  foot  of 
the  gently  inclined,  southward  slopes  of  the  plane;  the  steeper 
northward  facing  slope  of  the  stream  basin  being  the  shorter 
and  more  sharply  sloping  front  of  the  next  southward  exten^ding, 
gentle  incline. 

Professor  Calvin  thinks,  however,  that  these  unsymmetrical 
basins  might  have  been  developed  from  one  original  gently  slop- 
ing surface  drained  by  eastward  flowing  streams,  which  basins 
might  in  their  early  history  have  been  symmetrical.  He  shows 
that  the  slopes  which  face  the  north  would  suffer  much  less  than 
those  on  the  opposite  side  of  the  channel  from  the  alternations 
of  freezing  and  thawing  and  the  consequent  effects  of  erosion  in 

•MoQee:    PleLstocime  History  of  Northeastern  Iowa,  Eleventh  Ann.  Rb?.  U.  8.  Oeol.  Surv 
p.  412-411. 
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early  winter  and  spring.  These  northward  facing  slopes  would 
also  be  less  affected  by  sununer  droughts  which  tend  U>  check 
the  growth  of  vegetation  and  to  render  the  surface  more  pulver- 
ulent and  so  more  easily  attacked  by  dashing  rain  stomie.  Thus 
as  the  dhaunels  of  the  streams  became  deepened  the  north  side  of 
the  valley  would  recede  more  rapidly  than  the  south.  The  south 
facing  slopes  would  slowly  become  more  gradual  than  those 
which  faced  the  north  and  the  streams  on  this  side  would  cut  back 
into  the  highlands  more  readily  and  at  a  more  rapid  rate,  rob- 
bing the  secondary  streams  developed  on  the  south  side  of  the 
adjacent  northern  drainage  area.  In  this  manner  as  the  drain- 
age basin  became  more  mature  it  gradually  became  unsynmaet- 
rical  and  was  converted  into  a  sloping  plane  with  the  master 
stjneam  along  the  southern  margin  at  the  foot  of  a  shorter  and 
steeper  slope  which  faced  the  north.* 

Whatever  the  explanation  may  be,  it  is  certain  that  here  in 
Tama  county  the  present  streams  are  following  more  or  less  per- 


Fig.  22.  View  looking  west  across  the  vallej  of  Deer  crcok,  showing  the  bluffs  which  form  the 
western  border  of  the  vallej  and  which  mark  the  wcntern  margin  of  the  Toledo  lobe  of  lowan 
drift,  Toledo  township. 

fectly  the  old  channels  of  a   drainage   system   which   was   im- 
pressed upon  the  area  before  the  invasion  of  the  Kansan  ice  sheet, 

•Calvin:   lowaOeol.  Surv.,  Vol.  VII,  p.  57 
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and,  in  most  cases,  valleys  whioh  were  formed  before  the  begin- 
ning of  the  Glacial  epoch. 

Deer  Creek. — Deer  creek  rises  among  the  low,  rounded  swells 
of  the  lowan  drift  plain  in  tlie  southern  portion  of  the  Spring 
Creek  township.  It  follows  a  general  southeasterly  directioD 
across  Carlton  townsliip,  the  southwest  comer  of  Howard  and 
through  Toledo  reaching  the  river  in  the  south  part  of  section 
34  of  the  township  of  Tama.  It  flows  in  a  broad  valley  one-half 
to  three-fourths  of  a  mile  in  width,  the  early  history  of  which 
dates  backward  into  preglaeial  times.  On  the  east  this  valley  is 
bordered  by  the  gentle  slopes  of  tlie  lowan  drift  plain  while  on 
the  west  the  bluffs  of  Kansan  drift  rise  bold  and  steep  to  a 
height  of  forty  to  fifty  feet  above  the  bed  of  tlie  stream.  Through 
numerous  gaps  in  these  bluffs  the  waters  of  small  streams  find 


Hg.  28.  View  from  the  bluff  on  tht^  west  side  of  the  valley  of  Deer  crt^k,  looking  east  across  the 
valley  and  over  a  portion  of  the  Toledo  lobe.  Showing  the  topography  of  the  wtstcrn  portion 
of  that  area  in  Toledp  township. 

their  way  down  to  the  creek  from  the  uplands.  From  the  east 
—the  side  of  gentle  slopes — a  number  of  afBaents  eight  or  ten 
miles  in  length  pay  tribute  to  this  stream,  among  them  Pin^ 
Crystal,  Pleasant,  Jordan  and  Minnow  creeks,  while  from  the 
westy  a  very  much  older  surface,    there    are    numerous    short 
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streams  but  not  oile  of  sufficient  size  fo  merit  a  name.  The  basin 
of  Deer  creek  is  one-sided  but  its  lack  of  symmetry  is  probably 
due  in  part  to  the  fact  that  the  west  facing  slope  was  leveled  by 
the  lowan  glacier,  while  the  east  facing  bluffs  received  the  de- 
posits which  were  laid  down  around  the  margin  of  the  lowan 
ice. 

'  ScUt  Creek. — Salt  creek  is  the  largest  tributary  to  the  Iowa 
river  from  the  north  within  the  county.  Its  branches  rise  in  the 
lowan  drift  plain,  near  the  divide,  in  Crystal,  Perry  and  Clark 
townships.  Its  basin  drains  an  area  of  about  180  square  miles 
in  the  east  central  portion  of  the  county.  As  in  the  case  of  the 
Deer  creek  valley,  Salt  creek  is  bordered  on  the  west  by  abrupt 
bluffs  of  Kansan  drift,  which,  at  the  same  time,  mark  the  west- 
em  margin  of  the  I6wan  drift  area  in  that  portion  of  the  county. 
To  the  east  the  lowan  plain  stretches  away  in  gentle  undulations 
across  the  borders  of  Benton  county.  Like  Deer  creek  also  this 
stream  follows  dose  to  the  west  side  of  its  unsymmetrical  basin. 
This  one-sided  character  is  probably  due  to  the  same  causes 
which  produced  a  like  effect  on  the  basin  of  Deer  creek.  Like 
Deer  creek  again,  this  sti^eam  flows  in  a  channel  carved  in  the 
Kansan  drift  which  fills  a  preglacial  valley  of  much  greater  size, 
it  reaches  the  river  near  the  east  side  of  section  36  of  Salt  Creek 
township^ 

Otter  Creek. — Otter  creek  is  a  small  stream  which  rises  in  How- 
ard township  within  the  area  of  tlie  Toledo  lobe  of  lowan  drift. 
It  passes  downward  across  the  northeast  comer  of  Toledo  town- 
ship, through  Otter  Creek  township  and  across  the  northeast  cor- 
ner of  Richland,  joining  the  river  not  far  from  the  center  of  sec- 
tion 21,  of  Salt  Creek  township.  Its  basin  embraces  an  area  of 
about  eighty  s<iuare  miles,  including  the  greater  part  of  Otter 
Credc  township  and  a  small  comer  of  the  townships  of  Howard, 
Toledo,  Ridiland  and  Salt  Creek. 

Sugar  CrtvA. — Sugar  creek  rises  in  tlie  nortlieast  comer  of 
Marshall  oountj'.  It  is  not  more  than  a  dozon  or  fifteen  miles  in 
length.  It  flows  with  the  usiial  number  of  zigzag  curves  in  a  gen- 
eral southeast  direction,  reaching  the  river  near  the  west  side  of 
section  9  of  Indian  Village  township.  The  chief  character  in 
which  tliis  stream  differs  from  all  others  in   the  eountv   is   its 
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youthfulness.  Its  valley  is  quite  wide,  but  not  to  be  compared  in 
width  with  that  of  Bennett  or  Baven  creeks— small  streanu^  which 
lire  no  larger  than  Sugar  creek.  Then,  too,  it  is  still  cutting,  at 
its  banks  and  its  bed.  Ledges  of  limestone  are  exposed  in  the 
bluffs  for  some  miles  along  the  lower  course  of  Sugar  creek,  a 
phenomenon  to  be  seen  along  no  other  creek  in  the  county. 

Richland  Creek. — Richland  creek  is  the  largest  tributarj-  to  the 
Iowa  river  from  the  south  within  the  county.  Some  of  its 
branches  rise  near  the  western  side  of  Richland  township  and 
others  have  their  source  in  the  northwest  comer  of  the  county  of 
Poweshiek.  The  creek  flows  nearly  due  east  for  a  distance  of 
twenty  miles — not  considering  the  curves  and  bends  in  tlie  chan- 
nel— ^finding  the  river  near  the  west  side  of  section  13  of  Rich- 
land township.  Its  valley  is  one-half  to  three-fourths  of  a  mile 
in  width  and  is  covered  with  a  deep,  dark  colored  mantle  of  allu- 
vium. The  channel  is  bordered  by  hills  of  drift  forty  or  fifty 
feet  in  height  Its  basin  is  very  narrow  as  compared  with  its 
length.  The  near  presence  of  the  Iowa  river  on  the  north  has 
probably  prevented  the  development  of  such  a  long  slope  on  that 
side  of  the  basin  as  is  usually  found  in  the  basins  of  eastward 
flowing  streams  in  this  portion  of  the  state. 

Bennett  cmd  Raven  Creeks. — Besides  Richland  creek,  the  only 
streams  of  any  considerable  size  which  render  tribute  to  the 
Iowa  river  from  the  south  are  Bennett  and  Raven  creeks.  These 
streams  drain  the  northern  portion  of  Highland  township,  the 
southeast  comer  of  Indian  Village  and  the  southwest  comer  of 
the  township  of  Tama.  They  are  not  more  than  eight  to  ten 
miles  in  length,  yet  they  occupy  wide  valleys  either  one  of  which 
would  be  sufficiently  large  to  accommodate  the  waters  of  tlie  Iowa 
river. 

In  connection  with  all  of  the  larger  streams  of  the  county  the 
one  thing  which,  again  and  again,  strikes  the  observer  with  sur- 
prise is  the  great  age  of  the  valleys  in  which  they  flow.  This 
extreme  age  is  indicated  by  their  great  width  and  also  by  the 
absence  of  any  rock  ledges  exposed  in  their  bordering  banks.  It 
is  a  significant  fact  that  each  of  these  creeks  rises  within  the 
lowan  drift  plain,  and  it  is  ven^  probable  that  during  the  melt- 
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ing  of  the  lowan  ice  these  channels  carried  a  much  larger  vol- 
ume of  water  than  they  do  at  present 

History  of  the  Drainage.— The  channels  of  the  present  drain- 
age system  were  probably  outlined,  for  the  most  part,  before  the 
advent  of  the  Pleistocene  period.  Wells  which  have  been  put 
down  over  the  flood  plain  of  the  Iowa  river  penetrate  to  a  depth 
of  170  to  230  feet  before  they  reach  the  indurated  rocks. 

'Along  the  lower  course  of  Deer  creek  such  borings  indicate 
the  presence  of  a  channel  157  feet  deeper  than  the  bed  of  the 
present  stream  while  in  the  southern  portion  of  Spring  Creek 
township  there  are  exposed  along  one  side  of  its  valley  border- 
ing bluffs  of  oolitic  limestone  to  a  height  of  ten  or  twelve  feet. 

Near  the  southeast  comer  of  Otter  Creek  township  a  well  put 
down  on  the  flood  plain  of  Otter  creek  was  bored  to  a  depth  of 
20D  feet  before  reaching  indurated  rocks.  Wells  put  down  along 
the  valley  of  Salt  creek  penetrate  to  similar  depths  before  en- 
countering the  layers  of  limestone. 

Mr.  Mosnat*  has  shown  that  the  depth  and  distribution  of  the 
flowing  wells  of  the  Belle  Plain  area  and  the  succession  of  de- 
ix)sits  which  they  penetrate  would  indicate  the  presence  of  a  deep 
valley  excavated  in  the  Lower  Carboniferous  limestone  having 
a  width  of  four  to  six  miles  and  a  maximum  depth  of  340  feet 
at  Vining  and  228  feet  at  Chelsea.  Well  borings  show  the  pres- 
ence of  this  old  channel  from  a  few  miles  north  of  Vining  down 
to  the  southeast  comer  of  the  county.  It  passes  beneath  Belle 
Plaine  and  on  southeast  into  Iowa  county  as  far  as  the  town  of 
Ladora.  +  This  area  embraces  the  more  eastward  extension  of 
Kansan  drift  north  of  the  Iowa  river;  and  thus  the  portion  of 
the  county  where  now  the  hills  stand  highest,  in  preglacial  timea 
was  the  lowest  and  was  occupied  by  the  valley  of  a  large  river. 
The  bottom  of  this  valley  contains  drift  of  pre-Kansan  age  which 
is  overlain  by  a  deposit  of  Aftonian  gravels,  which  bed,  in  turn,, 
is  deeply  covered  with  Kansan  drift  These  Aftonian  gravels 
constitute  the  water  bearing  layer  in  this  portion  of  the  county. 
At  Vining  wells  are  sunk  to  a  depth  of  250  feet  below  the  tops, 
of  the  hills  before  reaching  the  bed  of    gravels,    while    in    the^ 

•Mosnat:  lowaOrol.  Surv.,  Vol.  IX,  pp.  628-602. 
•Mbid,  p.  524. 
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northern  part  of  Otter  Creek  township  a  well  has  been  sunk  to 
a  depth  of  370  feet  before  the  indurated  rocks  were  encountered. 
It  seems  probable  that  in  pregladal  times  this  old  valley  carried 
the  major  stream  of  the  region;  and  that  to  this  river  the  streams 
which  then  occupied  the  channels  of  the  Iowa  river,  Richland, 
Deer  and  Otter  creeks  rendered  tribute. 

STRATIGRAPHY, 
General  Relations  of  Strata. 

The  indurated  rocks  which  are  exposed  in  Tama  county  belong 
to  but  one  system  of  the  Paleozoic  group.  They  outcrop  only 
along  the  middle  portion  of  the  western  side  of  the  area.  To  the 
north-east  and  south  they  are  buried  beneath  a  covering  of  drift 
which  in  some  places  is  more  than  360  feet  in  depth.  It  is  prob- 
able that  the  rocks  which  immediately  underlie  the  drift  in  the 
northeastern  portion  of  the  county  are  of  Devonian  age.  There 
are  no  exposures,  however,  by  which  this  presumption  may  be 
verified,  but  the  first  rocks  which  ai^  encountered  to  the  north 
and  east  belong  to  that  system. 

The  superficial  materials  contain  a  record  of  the  desolating 
action  of  three  different  invasions  of  ice.  Each  glacial  period 
was  followed  by  a  milder  interval  of  long  duration  during  which 
the  surface  was  clothed  with  vegetation  and  peopled  with  life 
verjr  much  as  it  is  today. 

•Mie  following  table  shows  the  geological  formations  which  are 
known  to  be  present  in  Tama  county. 
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GKOUP. 


SVSTSlf. 


STAGS. 


Pleistocene. 

Recent. 

Allnvinm. 

Glacial. 

- 
lowau. 

Cenozoic. 

Kansan. 

Aftonian. 

Pre-Kansan. 

Carboniferous. 

Pennsylyanian,  or 
Upper  Carboniferous. 

Des  Moines. 

Paleozoic. 

Mississippian,  or 
Lower  Carboniferous. 

Kinderhook. 

Devonian  (?). 

Middle  Devonian  (?). 

Cedar  Valley(?). 

Devonian  System. 


CEDAR   VALLEY   STAGE. 


All  of  the  indurated  rocks  which  are  known  to  be  exposed  at 
the  surface  in  Tama  county  belong  to  the  Carboniferous  system, 
but  all  of  the  exposures  which  were  found  over  the  area  occur  in 
the  western  tier  of  townships.  The  successive  strata  of  eastern 
Iowa  outcrop  at  the  surface  in  a  general  northwest-southeast  di- 
rection, and  lines  which  in  a  general  way  mark  out  the  known 
area  of  the  outcrops  of  the  rocks  of  the  Devonian  system  in  the 
state  would  include  the  northeast  comer  of  Tama  county.  The 
rock  exposures  which  were  found  nearest  to  this  portion  of  the 
county  occur  a  few  miles  to  the  eastward  along  the  tributaries  of 
the  Cedar  river.  At  these  points  the  uppermost  members  of  in- 
durated rocks  belong  to  the  Cedar  Valley  stage  of  tlie  middle 
Devonian  series.  From  the  above  consideration  there  seems  lit- 
tle doubt  but  that  the  rocks  of  the  same  age  immediately  under- 
lie the  superficial  materials  as  far  westward  as  the  borders  of 
Tama  county. 
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•Of  the  rocks  of  the  Carboniferous  system  there  are  found  with- 
in the  area  deposits  of  both  the  Pennsylvanian  and  the  Miseis- 
sippian  series.  Of  the  latter  series  there  is  represented  only  the 
lowest  or  earliest  stage— the  Kinderhook.  Of  the  Pennsylvanian 
series  there  are  found  only  sandstones  which  belong  to  the  Des 
Moines  stage. 

liower  Carboniferous  or  Mississippian  Series. 

KINDERHOOK  STAGE. 

The  name  Kinderhook  was  applied  to  this  assemblage  of 
strata  by  Meek  and  Worthen*  from  the  fact  that  the  rocks  of  this 
age  are  well  developed  and  typically  exposed  near  the  town  of 
Kinderhook  in  southern  Illinois.  In  discussing  the  Kinderhook 
beds  as  they  are  exposed  in  Tama  county  Pi-ofessor  Whitney 
speaks  of  their  close  resemblance  to  the  Burlington  member  of 
the  Carboniferous  limestone  as  that  member  is  developed  at  the 
city  of  Burlington.f  Professor  Hall  referred  the  beds  now  in- 
cluded in  the  Kinderhook  stage  to  the  Chemung  group  of  the 
Dovonian.J  Dr.  C.  A.  White  designated  the  rocks  of  this  stage 
as  the  Kinderhook  beds,§  and  gives  a  section  showing  the  char- 
acter of  the  layers  as  they  are  exposed  at  Burlington  through  a 
vertical  height  of  109  feet. 

The  rocks  of  the  Kinderhook  stage  in  Iowa  extend  from 
Cerro  Gordo  county  in  the  northwest  to  the  bluffs  of  the  Miss.is- 
sippi  river  in  the  county  of  Des  Moines.  As  these  rocks  are  ex- 
posed in  Tama  county  they  present  three  different  facies.  The 
lowest  phase  is  a  yellow,  fine-grained  sandstone  which  bears  but 
few  fossils  and  which  is  seen  in  but  a  few  of  the  outcrops  in  the 
area.  Overlying  this  sandstone  is  a  stratum  of  light  colored, 
oolitic  limestone  which  occurs  in  thick  massive  layers.  This 
phase  is  very  fossiliferous  throughout  and  is  quite  uniformly 
developed  and  constantly  present  wherever  in  the  county  the 
rocks  of  this  horizon  are  exposed.  The  upper  phase  is  a  brown 
magnesian  limestone  which  in  some  layers  changes  to  a  yellowish 
brown,  fine-grained  sandstone.    The  layers  of  this  upper  phase 

•Mwk  and  Worthen :    Am.  Jour.  Sci. ,  Vol.  XXXEI,  p.  228. 
+Hall :    Geology  of  Iowa,  Vol.  I,  pt.  1,  p.  288. 
THaII  :    Geology  of  Iowa,  Vol.  I,  pt.  1,  p  90. 
$  White:    Geology  of  Iowa,  Vol.1,  p.  191. 
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carry  quite  a.  number  of  fossilsy.  usually  in  {be  form  o£  oBSfts  or 
moulds.    Near  tbe  upper  part  tbe  magneaian  ohairaeter    ^r^ves 
way  to  tbinly  bedded  limestone  wbioh  in  the  uppermost  lajrers 
exposed,  carries  a  large  quantity  of  the  oomminuted  frasmente  of 
the  stems  of  arinoids. 

'The  general  character  of  the  rocks  of  the  Kinderhook  sta^^  as 
those  roc^s  are  developed  in  this  region,  together  withi  their  order 
of  superposition  may  be  iSeen  from  a  study  of  a  few  typical  sec- 
tions. 

Typical  Exposures. — Near  the  east  side  of  section  17  of  Indiaxi 
Village  township,  in  an  old  quarry  just  on  the  south  side  of  the 
town  of  Butlerville,  there  is  exposed  the  following  successioii  of 
rock  layers. 

TKtT.      VS- 

14 .     Yellowish  brown  loess 2 

13.     Brown    clay   containing   numerous    crystalliue 

pebbles 6 

12.  Bed  of  g^'ayish  brown,  impure  limestone  which 
breaks  up  into  narrow  layers  and  irregular 
pieces   when    exposed  to   the   action   of    the 

weather.     Fossils  rare 3 

11.     Band  composed  largely  of  nodules  of  chert, ...  3 

10.  Impure  limestone,  brown  in  color,  with  few 
fossils,    species    of    Chonetes,    Rhynchonella 

and  Spirifer  were  found 1 

9.     Band  of  chert  nodules ., 3 

8.     Thick,  heayy  layer  of  brown  magnesian  lime- 
stone   containing    casts    of     Chonetes    and 

Rhynchonella 2      6 

7.     Layer  composed  mostly  of  nodules  of  chert 4 

'    6.    Layer  of  brown  magnesian  limestone  with  casts 

of  Zaphrentis,  Chonetes  and  Rhynchonella. . .         10 
5.     Brown  limestone  with  numerous  chert  nodules 
intermingled,  containing  casts  of  a  species  of 

Productus 10 

4.     Massive  layer  of  brown. magnesian  limestone  in 

which  there  is  a  cpnsiderable  quantity  of  sand  4      8 
3.     Heavy  layer  of  oolits  which  weathers  into  small 
irregular  blocks  and  bits,  containing  in  abund- 
ance   Orthotheies     crenisiria     a     species    of 
Rhynchonella,  Spirifer  extenuatus,   Spirifer 

bipiicatus  and  Straparollus  latus S      8 

2.     Massive  beds  of  oolite  in  two  layers  similar  to 
number  3  above  and  carrying  similar  fossils 
the  lower  portion  somewhat  talus  covered ....  8      6 
1.     Yellowish  sandstone  with  some  clay  containing 
few  fossils,  not  well  exposed,  to  level  of  road.  8 
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A  few  rods  to  the  west  of  this  exposure,  near  the  house  of  Mr. 
Blodgett,  there  is  an  outcrop  of  a  few  feet  of  thinly  bedded,  im- 
pure limestone  which  would  occur  above  the  uppermost  member 


Kg.  24.  View  of  the  BatlerviUe  quarry  in  section  17  of  Indian  Village  township.  The  heavy- 
ledge  exposed  at  the  base  is  oolite.  The  layers  worked  constitute  the  arenaceo-magnesian  bed 
which  immediately  overlies  the  oolite. 

of  this  section,  the  upper  layers  of  which  are  crinoidal  in  char- 
acter. ^ 

The  beds  above  number  3  contain  a  few  fossils  but  not  nearly 
so  many  as  appear  in  the  layers  of  oolite.  The  quarryman,  Mr. 
Dawson,  stated  that  he  had  found  numerous  fish  remains  and 
crinoids  in  the  seams  which  part  the  layers  of  magnesian  lime- 
stone. Numbers  4,  6,  8  and  10  of  the  layers  of  magnesian  lime- 
stone are  the  rocks  mostly  used  for  purposes  of  masonry.  The 
oolite  yields  rapidly  to  the  weathering  action  of  the  atmosphere, 
crumbling  into  small  irregular  pieces.  This  oolite  was  formerly 
burned  in  large  quantities  for  lime. 

All  of  the  beds  at  this  quarry  are  cut  by  numerous  wide  joints 
into  irregular  blocks.    Some  of  these  joints  are  filled  with  a  dark 
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colored,  highly  carbonaoeons  shale,  whidi  is  very  probably  of 
Upper  Carboniferous  age.  However,  the  Coal  Measure  deposits 
have  all  been  removed  from  the  upper  surface  of  the  rooks  in 
this  quarry. 

At  the  present  time  number  1  in  the  above  section  is  not  well 
exposed.  The  layers  which  overlie  the  oolite  are  more  desirable 
stone  for  general  purposes  and  hence  they  have  been  worked 
back  further  into  the  hill  than  the  beds  which  lie  below  them.  The 
stripping  and  talus  have  been  dumped  over  the  edge  of  number 
3  so  as  in  some  places  to  conceal  number  1  and  the  lower  portion 
of  number  2  from  satisfactory  observation. 

In  his  report  on  the  Geology  of  Iowa,  Professor  C.  A.  White 
gives  the  following  section  of  this  same  quarry  as  it  was  exposed 
in  1869.»  • 

wmET. 
3.     Soft,  irregularly  bedded,  magcesian  limestone  pass- 
ing  np  into  purer  and  more  regalarly  bedded  lime- 
stone   40 

2.     Light  gray  oolitic  limestone  in  heavy  layers 15 

1.     Yellowish,  shaly,  fine-grained  sandstone 20 

In  the  above  section  it  will  be  readily  seen  that  number  1  oor« 
responds  with  number  1  of  the  section  of  the  Butlerville  quarry 
as  it  appears  today.  Number  2  of  White's  section  is  the  equiv- 
alent of  numbers  2  and  3  of  the  present  quarry  section  while 
number  3  of  White's  section  includes  numbers  i  to  12  as  they  are 
at  present  exposed  at  the  Butlerville  quarr5\  At  the  time  Dr. 
White  visited'  the  region  the  beds  below  the  oolite  were  better 
exposed  and  to  a  much  greater  depth ;  the  limestone  layers  at  the 
top  were  also  to  be  seen  in  greater  thickness  than  they  are  today. 

.  About  one  and  one-fourth  miles  west  of  Butlerville,  near  the 
southwest  comer  of  section  8,  a  quarry  is  opened  on  land  owned 
by  C.  J.  Stevens  of  Montour.  At  this  place  the  outcrop  presents 
the  following  section : 

•White:   Gcol.  of  Iowa,  Vol.  I,  p.  196. 
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15.  Gray  crinoidal  limestone  which  weathers  into 
thin  pieces    1 

14.  Crinoidal  limestone,  gray  in  color,  with  numer- 
ous fossil  fragments 8 

13.     Fissile  limestone  in  thin  layers,  few  fossils 4 

12.     Brown  magnesia n  limestone  with  layer  of  chert 

nodules  two  inches  in  thickness  at  the  top ....  9 

11.  Btd  of  rather  soft,  friable  sandstone,  much 
water  seamed  and  containing  numerous  chert 
nodules,  fossils  few 7 

10 .  Arenaceo*  magnesian  limestone,  fine-grained  and 
quite  hard,  brown  in  color,  layers  8  to  12  inches 
in'  thickness  containing  casts  of  a  species  of 
Chonetes,  Productus,  Rbynchonella  and  Spi- 
rifer 4  , 

9'.     Bed  of  incoherent,  brown,  fine-grained  sand. . .  1  2 

8.     Band  made  up  of  chert  nodules 4 

7.  Impure  aretiaceo-magnesian  limestone,  few  fos- 
sils   1  1 

6.  Bed  composed  largely  of  nodules  of  chert  carry- 
ing a  layer  of  sand,  3  inches  in  thickness 1 

5.  Magnesian  limestone  containing  some  fine- 
grained yellow  sand 1         8 

4 .     Bed  similar  to  number  5  above 1         6 

3.  Layer  of  massive  oolite  weathering  into  small 
bits  and  bearing  numerous  fossils  among  which 
appear  Orthotheies  crenisira^  Spirifer  tnpii- 
catus,  Spififer  cf  extenuaius  a,nd  Straparoilus 
latus 7 

2.     Layer  similar  to  number  3  above  in  lithological 

characters  and  fossil  contents 4         6 

1.  Layer  of  light  gray  oolite  similar  to  numbers  2 
and  3  above 3 

In  the  above  section  it  will  be  seen  that  numbers  1,  2  and  3  are- 
the  equivalents  of  numbers  2  and  3  of  the  Butlerville  exposure. 
The  sandstone  at  the  latter  place  which  underlies  the  oolite  does 
not  appear  in  the  above  section.  The  impure  limestone  bed 
which  includes  layers  4  to  12  of  the  above  section  corresponds 
with  layers  4  to,  XI  inclusive  of  the  section  at  Butlerville.  The 
upper  limestone,  which  includes  layers  13  to  15  above,  represents 
number  12  at  the  Butlerville  quairy  and  probably  also  embraces 
the  limestone  layers  which  appear  in  the  hill  near  Mr..  Blodgett's- 
house. 


15  G  Rt-p 
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Fif(.  25.  View  in  the  Stevens'  qoarry  in  section  8  of  Indian  Village  tow^nship.  The  light  colored 
massive  bed  at  the  base  is  oolite.  The  thin  layers  at  the  very  top  are  limestone.  The  sand 
and  impure  limestone  layers  between  contain  numerous  nodules  of  chert. 

In  the  southwest  quarter  of  section  21  of  Indian  Village  town- 
ship there  is  exposed  in  a  ravine  a  short  distance  west  of  the 
town  of  Montour  the  following  section  ; 

PEKT. 

3.     Reddish  brown  clay  with  numerous  pebbles 4 

2.  Layer  of  light  gray  oolite  containing  numerous 
fossils,  among  them  the  following  are  abun- 
dant Orthoihetes  crenisMa,    Spirifer   cf.    exten- 

uaius,  S,  biplicatus  and  StraparoUus  latus 6 

1.  Layer  of  oolite  similar  in  every  respect  to  num- 
ber 2  above ZVz 

This  is  an  abandoned  quarry  which  was  formerly  worked  by 
the  Oxford  Lime  Company.  The  oolite  makes  as  good  a  quality 
of  lime  as  can  be  obtained  from  pure  calcium  carbonate.  Large 
quantities  of  it  were  used  for  lime  making  before  the  railroads 
brought  the  better  grade  of  lime,  made  from  dolomite,  within 
easy  reach  of  the  builder. 

It  is  evident  that  numbers  2  and  1  above  correspond  with  num- 
ber 3  and  the  upper  part  of  number  2  respectively  of  the  Butler- 


LOWER   CARBONIFEROUS   OR   MISSISSIPPI  AN   SERIES.  219 

ville  quarry,  and  with  numbers  3  and  2  of  the  Stevens  quarry 
section.  At  Montour  all  of  the  magnesian  and  sandstone  layers 
which  overlie  the  oolite  at  the  Butlerville  and  SteVens  quarries 
have  been  removed  by  erosion. 

In  the  southern  part  of  Spring  Creek  township  there  is  exposed 
along  the  east  bank  of  a  branch  of  Deer  creek  a  ledge  of  oolite 
to  a  height  of  ten  feet.  This  outcrop  is  the  most  northern  rock 
exposure  known  to  occur  within  the  county,  while  none  were 
found  further  south  than  the  one  at  Montour.  The  rocks  along 
Deer  creek  are  essentially  similar  in  lithological  characters  and 
fossil  contents  to  those  exposed  at  Montour. 

Near  the  southeast  comer  of  section  7  of  Indian  Village  town- 
ship there  is  a  narrow  bluff  of  rocks  extending  northward  into 


Fig.  20.  The  Devirs  Anvil.  A  tongue  shaped  lobe  of  Kinderhook  limestone  extending  into  the  low 
river  valley  in  the  southern  part  of  section  7,.  Indian  Village  township.  At  the  extreme  righ 
appear  the  bluffs  across  the  river  vallej. 

the  flood  plain  of  the  Iowa  river.  This  peculiar  outlier  has  a 
vertical  height  of  about  fifty  feet  above  the  valley  and  is  known 
locally  as  the  ''Devil's  Anvil.''  There  is  exposed  in  the  east 
side  of  this  hill  the  following  succession  of  layers: 
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removed  by  erosion  at  some  points  than  at  others.  However, 
the  oorre&ixmding  beds  as  a  whole  can  be  readily  recognized  at 
all  of  the  exposures  where  these  uppermost  beds  are  present. 

About  three^fourths  of  a  mile  north  of  Butlerville  in  the  south 
bank  of  the  river  there  is  an  abandoned  quarry  which  was  for- 
merly worked  by  Messrs.  Stevens  and  Gray.  At  this  place  there 
is  ezpoeed  about  six  feet  of  oolite  at  the  base,  which  is  succeeded 
by  twenty-three  feet  of  irregular  layers  of  brown  arenaceo-mag- . 
nesian  limestone  interlaid  with  bands  and  numerous  chert  nod- 
ules. The  indurated  rocks  are  overlain  by  about  six  inches  of 
oxidized  bowlder  clay  and  that  in  turn  is  covered  with  about  one 
foot  of  loess  soil.  Outcrops  such  as  the  last  might  be  multiplied 
along  the  bluffs  of  Sugar  creek.  In  the  last  few  miles  of  its 
course  the  ledges  of  rock  are  exposed  at  almost  every  bend  of 
the  stream  but  there  are  no  layers  present  which  do  not  appear  in 
the  Butlerville,  Stevens  or  Anvil  exposures,  nor  were  any  species 
of  fossils  found  there  which  were  not  seen  at  the  points  above 
mentioned. 

The  Butlerville  section  and  the  succession  of  beds  which  appear 
at  the  Stevens  quarry  and  the  Anvil  may  be  taken  as  representa- 
tive of  the  development  of  the  Kinderhook  rocks  in  Tama  coun- 
ty. As  will  be  seen  the  bed  of  white  oolite  is  a  conspicuous  fear 
ture  in  each  of  these  exposures. 

In  all  cases  the  oolite  of  Tama  county  is  mixed  with  a  shell 
limestone,  but  the  predominance  of  the  oolite  phase  makes  Ihat 
the  most  conspicaous  feature  of  these  layers.  Oolite  is  composed 
of  small,  more  or  less  spherical,  grains  of  calcareous  matter  ce- 
mented into  a  hard  mass  by  the  deposition  of  calcium  carbonate. 
When  a  fragment  of  this  rock  is  ground  and  polished,  each  little 
grain  is  seen  to  be  composed  of  a  number  of  thin  concentric 
plates  surrounding  a  common  nucleus.  Oolite  was  probably 
formed  along  an  old  sea  margin  which  was  submerged  only  dur- 
ing the  periods  of  high  tide;  in  places  where,  for  some  reason, 
the  land  stood  almost  at  base  level  so  that  the  streams  which 
drained  the  surface  carried  to  the  sea  little  or  no  mechanical  sedi- 
ments ;  in  a  r^on  where  the  climate  was  suitable  for  the  rapid 
and  abundant  growth  of  brachiopods  and  other  animals  which 
secrete  skeletons  of  lime;  in   localities,    too,    where   conditions 
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Fig.  27.  Exposure  in  an  old  quarry  near  the  southeast  comer  of  section  8,  Indian  Village  town- 
'    8hip.     The  floor  of  the  quarry  is  of  oolite,  a  little  of  vrbich  is  shown  at  the  base  of  the  quarry. 
The  middle  portion  shows  bands  of  chert  intercalated  between  the  irregular  layers  of  impure 
limestone.     Thin  layers  of  crinoidal  limestone  appear  at  the  top. 

were  favorable  for  some  concentration  of  calcium  carbonate  in 
the  sea  water.  As  the  waves  swept  far  up  over  such  low  beaches 
they  would  grind  into  tiny  bits  the  fragments  of  shells  which  they 
rolled  back  and  forth  along  the  bottom  and  so  cover  the  shore 
with  minute  grains  of  calcareous  sand.  Every  time  the  tide  rose 
and  again  receded  a  film  of  sea  water  would  be  left  surrounding 
these  tiny  spheres  which  upon  evaporation  would  deposit  a  pel- 
licle of  lime  around  the  grain.  In  this  manner  the  little  spher- 
ules slowly  grew  by  addition  constantly  on  the  outer  surface, 
and  finally  tiie  adjacent  grains  and  fragments  of  shells  were  all 
firmly  cemented  together  by  an  interstitial  deposit  of  this  same 
substance  from  the  waters  of  that  ancient  sea. 

It  is  by  some  such  process  as  this  that  oolite  is  forming  at  the 
present  time  along  the  shores  of  tropical  seas,  and  geologists  be- 
lieve that  nature  has  worked  in  the  past  by  the  same  methods  as 
are  used  at  present  to  secure  like  results. 
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The  fossils  which  were  found  in  the  layers  of  oolite  represent 
no  great  variety  of  forms  but  the  individuals  of  the  most  of  the 
species  were  very  abundant.  The  following  were  collected  from 
this  bed: 

Orikotheits  crenisiria  Phillips. 
Chonetes  logani  ?  Hall. 
Productus  cf.  arcuaius  ?  Hall. 
Froductus  sp. 
Orthis  swal/ovi  Hall. 
lihynchoiiella  sp. 
spirt fer  qI,  fnarionensis  Shum. 
Spirifer  biplicatus  HbXX. 
Stirifer  sp . 

Syrinzothyris  extenuatus  ?  Hall. 
'  j4thyrissp, 
StraparoUus  latus  Hall. 
Dexiobia  ovaia  Hall 

The  layers  of  yellowish  sandstone  which  underlie  the  oolite 
were  seen  at  no  point  further  west  than  the  Butlerville  quarry. 
At  this  place  the  beds  were  not  very  well  exposed  and  no  trace 
of  fossils  was  found. 

The  arenaceo-magnesian  beds  which  overlie  the  oolite  were 
probably  also  deposited  at  no  great  distance  from-  the  shore  along 
a  zone  that  was  subjected  to  variable  conditions.  They  were 
formed  during  a  period  when  the  process  of  erosion  was  quixsk- 
ened  and  the  streams  brought  down  from  the  uplands  greater 
quantities  of  sediment.  The  following  animals  peopled  the  waters 
during  the  time  these  rocks  were  being  laid  down. 

Fenestella  sp. 

Zaphrentis  sp. 

Orthothetes  crenistria  Phillips 

Chonetes  sp. 

Productus  sp . 

Rhynchonella  sp. 

Spirt  fer  sp . 

The  limestone  layers  at  the  top  of  these  sections  record  a  grad- 
ual subsidence  resulting  in  the  diminution  of  erosion,  aJlowii^ 
the  building  up  of  limestone  layers  from  the  shells  or  skeletal 
parts  of  the  successive  generations  of  sea  animals,  among  which 
the  crinoids  were  preeminent.  The  materials  of  these  layers 
are  so  finely  comminuted  that  but  few  of  the  fossil  fragments 
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which  they  ocmtaiii  could  be  recognized.    Among  them  were  the 
feUovcnig: 

Chonetes  sp. 
Rhynchonella  sp . 
Spirifersp. 

Some  time  ago  a  collection  of  fossils  from*  the  above  beds  was 
sent  to  Professor  Stuart  Weller  of  the  University  of  Chicago  for 
identification,  but  up  to  the  present  date  he  has  not  had  time  to 
examine  and  report  concerning  them;  hence  the  meagreness  of 
the  list  of  species  found  above. 

In  the  discussion  of  the  rocks  of  the  Kinderhook  stage  in  Mar- 
shall county,  Dr.  S.  W.  Beyer  makes  the  following  subdivisions.* 


4.     Brown  and  gray  subcrystalline  limestone 30 

3.     Buff  magnesian  limestone,  cherty  below 35 

2.     Gray-white  oolite IS 

1 .     Argillaceous  blue  sandstone 20 

Above  number  4  he  places  provisionally  about  fifteen  feet  of 
argillo-calcareous  beds  which  are  exposed  at  Marshalltown,  but 
which  bear  no  fossils.  In  the  MarBhall  county  section  number 
1  is  the  equivalent  of  number  1  of  the  Butlerville  section.  Mr. 
Beyer  speaks  of  observing  casts  of  fossils  in  this  bed  but  men- 
tions none  of  the  forms  which  they  contain.  Number  2  above 
^corresponds  with  numbers  2  and  3  of  the  Butlerville  quarry.  Mr. 
Beyer  speaks  of  this  bed  being  fossiliferous  throughout,  among 
which  forms  he  found : 

Entolium  circulus  Shum . 

SiraparoUus  latus  Hall. 

Productus  sp.  and  fish  spines  and  plates. 

In  the  third  number  above  he  found : 

Chonetes  sp . 

Productus  arcuatus  Hall . 

Orthothetes  crenistria  Phillips. 

Rhynchonelta  sp? 

Spitifer  tnplfcatus  Hall. 

Spirifer  sp , 

Spines  of  fishes. 

This  number  is  identical  with  numbers  4  to  12  inclusive  of  the 
quarry  section  at  Butlerville.    It  is  probable  that  number  4  of 

•lowftGeol.  Surv.,  Vol.  VII,  p.  222,  et  seq. 
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.Beyer's  seotioii  is  represented  in  Tama  county  by  the  limestone 
layers  which  overlie  the  arenaceo-magnesian  beds  at  the  Butler- 
ville  and  Stevens  quarries  and  in  the  Anvil  exposure.  It  is  not 
•developed  to  such  a  thickness  in  Tama  county  as  it  is  farther 
west.  The  shales  which  are  found  at  Marshalltown  have  no  coun- 
terpart within  the  area  under  consideration. 

In  his  report  on  the  Geology  of  Iowa  Dr.  (White  gives  the  suc- 
cession of  the  Kinderhook  beds  as  they  are  exposed  at  the  city 
■of  Burlington.*  The  condensed  reproduction  of  his  Burlington 
^section  is  given  below. 


7.  Impure  limestone,  sometimes  magnesian,  passing 
gradually  into  the  Liower  Burlington,  disintegrating 
more  readily  than  the  overlying  Burlington  lime- 
stone    3-4 

6.     Light  gray  oolitic  limestone,  very  uniform  in  litho- 

logical  characters 2-4 

5.  Pine-grained  yellowish  sandstone,  often  crowded 
with  casts  of  fossil  shells,  embracing  many  genera 
and  species  some  of  which  are  peculiar  to  this  bed 
alone.  The  fossils  of  this  bed  are  usually  small 
Lamellibranohs  and  Brachiopods 7 

4.  Dark  gray  compact  limestone,  sometimes  slightly 
arenaceous,  breaking  up  into  small  fragments  on 
exposure  and  is  very  fragmentary  even  when  not 
exposed  to  the  atmosphere 12 

3.  Oolitic  limestone,  interesting  as  showing  the  ten- 
dency of  the  limestones  of  this  formation  to  as- 
sume this  structure % 

2.     Layer  of  compact  limestone  everywhere  crowded 

with  shells,  principally  Chonetes ^ 

1.  Composed  largely  of  fine-grained  sandy  shales,  but 
varying  from  bluish  clayey  shales  to  fine-grained 
yellowish  sandstone,  greatest  thickness  exposed.. 82 

No.  1  is  recognized  in  well  borings  at  a  depth  of  65  feet  below 
the  above  measurement,  making  the  entire  recognized  thick- 
ness of  this  member  147  feet. 

Mr.  White  considered  number  1  of  his  Burlington  section  to 
be  the  equivalent  of  number  1  of  his  section  of  the  Butlerville 
exposure ;  number  6  at  Burlington  to  be  the  representative  of  num- 
ber 2  at  Butlerville,  and  number  7  at  Burlington  to  be  the  coun- 
terpart of  number  3  at  Butlerville.f    He  seemed  to  think  that 

•White:   Qeol.  of  Iowa,  pp.  192 and  19B. 
tlbid:p.  196. 
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numbers  3  to  5  inclusive  of  the  Burlington  section  were  not  rep- 
resented at  Butlervilleat  all.  Dr.  White  speaks  of  the  upper 
portion  of  number  1  at  Burlington,  being  quite  fossiliferous  in 
some  places  and  states  that  the  characteristic  fossils  of  tbe  Kin- 
derhook  formation  prevail  throughout  the  whole  series  of  beds 
found  at  Indiantown  (Butlerville)  but  he  does  not  mention  any 
of  the  species  that  were  found  at  either  exposure.  In  the  spring 
of  1899  Professor  Stuart  Weller  made  a  study  of  the  rocks  of  the 
Kinderhook  stage  as  they  are  exposed  at  Burlington.  Mr.  Weller 
makes  the  following  section  of  these  rocks  which  differs  from 
White's  only  in  dividing  number  1  and  combining  numbers  2 
and  3.* 

rSET. 

7.     Soft,  buff,  gritty  limestone 3^5 

6.     White  oolitic  limestone 2-4 

5 .     Fine-grained  yellow  sandstone 6-7 

4.     Fine-grained,  compact,  fragmental,  gray  limestone.  12-18 
3.     Thin  band  of  hard  impure  limestone  filled   with 
Chonetes;  soiretimes  associated  with  a  thin  oolite 

band 'A-H 

2.  Soft,  friable,  argillaceous  sandstone  sometimes 
harder  and  bluish  in  color,  filled  with  fossils  in 
the  upper  portion,  the  most  abundant  of  whiph  is 

Chonopectus  fischeri 25 

1 .     Soft,  blue,  argillaceous  shale  (exposed) 60 

As  will  be  seen  numbers  4  to  7  inclusive  of  Weller 's  section  are 
identical  with  the  corresponding  numbers  in  the  section  of  Dr. 
White.  In  number  6  of  the  above  section,  which  White  consid- 
ers the  equivalent  of  the  oolite  layers  in  Tama  county,  Weller 
mentions  the  following  list  of  fossils  which  have  been  observed  \ 

Zaphreniis  sp .  undet . 
Leptana  rhomboidalis  Wilck. 
Orthothetes  inflatus  W.  and  W. 
Chonetes  logani  N.  and  P. 
Chonetes  illinoisensis  Worthen. 
Fraductus  arcuatus  Hall. 
Productella  concentricus  Hall. 
Schizophoria  subelliptica  W.  and  W. 
RhipiiJUmiella  sp.  undet. 
Dielasma  allei  Win, 

•Wpller:    lovtaacol.  Surv.,  Vol.  IX,  p.  fS. 
+  Ibid :   p.  78. 
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Spirifer  marionensis  Shu. 
Atkyris  crassicardinalis  White.. 
Ptrnopecten  ctrcuius  Hall. 
Conocardinm  pulchellutn  W.  and  W. 
SiraparoUus  obtusus  Hall. 
PUuroiomaria  quinqutsutcata  Win . 
Loxantma  sp . . undet . 
Capulus%^,  undet. 
Orthoceras  indianensis  Hall . 
Gyroceras  burlingtonensis  Owen . 

From  bed  nmnber  7  of  Weller's  section,  which  White  consid- 
ered the  representative  of  thearenaceo-magnesianlayers  which 
overlie  the  oolite  in  Tama  county,  Mr.  Weller  names  the  follow- 
ing species: 

Leptopora  typa  Win. 
Orthoiheies  inequalis  Hall.  (?) 
Orthothetes  inflaius  W.  and  W. 
Froducius  punciatus  Martin. 
Catnarophoria  caput- testudinis  White. 
Rhynchonella  Persinuata  Win. 
Spiriferina  sotidirosiris  White. 
NucUospiradarrtsi  White, 
BelUrophon  panneus  White. 
PUuroiomaria  mississippiensis  W.  and  W. 
Igoceras  undata  Win . 
Capulus  paralinus  W.  and  W. 
Capulus  vomerium  Win . 

From  a  comparison  of  the  fossils  which  appear  in  number  6  of 
the  Burlington  section  with  those  which  occur  in  the  oolite  beds 
of  Tama  and  Marshall  counties,  which  members  Dr.  White 
thought  were  equivalent,  it  will  be  seen  that  there  is  a  very 
marked  difference  between  the  fauna  of  the  respective  members. 
It  is  possible,  however,  that  when  Mr.  Weller  completes  the  study 
of  the  fossils  ofl  the  Kinderhook  stage  in  central  Iowa  that  these 
differences  may  become  less  conspicuous,  and  the  resemblances 
may  grow  more  apparent.  In  like  maimer  the  assemblage  of  fos- 
sils which  is  found  in  the  arenaceo-magnesian  beds  overlying  the 
oolite  in  Tama  and  Marshall  counties  is  quite  different  from*  that 
found  in  number  7  of  the  section  at  Burlington,  with  which  mem- 
ber Dr.  White  considered  the  arenaceo-magnesian  beds  to  corre- 
spond. 
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If  the  rooks  of  the  Kinderhook  stage  which  are  found  in  Tama 
and  Marshall  counties  were  deposited  contwnporaneously  with 
aDy  of  those  of  the  corresponding  stage  at  Burlington,  it  is  pos- 
sible that  Dr.  White  was  correct  in  his  correlations  as  given 
above.  Lithologically  the  oolite  beds  of  this  horizon  in  central 
Iowa  resemble  very  closely  number  6  of  the  Burlington  section. 
A  larger  proportion  of  the  fossils  which  are  found  in  the  oolite 
layers  is  similar  to  those  found  in  number  6  than  to  those  of  any 
other  member  of  the  Burlington  section.  Also  the  beds  imme- 
diately overlying  the  oolite  in  Tama  and  Marshall  counties  are 
as  nearly  similar  in  lithological  characters  and  fossil  contents  to 
number  7  as  to  any  other  member  of  the  section  at  Burlington. 
It  will  be  evident,  however,  that  if  this  is  the  true  interpretation 
of  the  relation  of  the  Kinderhook  rocks  which  occur  in  the  coun- 
ties of  Tama  and  Marshall  to  those  exposed  in  the  bluffs  along 
the  Mississippi  river  at  Burlington,  there  must  have  been  very 
peculiar  conditions  attending  the  deposition  of  these  materials  to 
result  in  the  wide  differences  in  the  animals  which  peopled  the 
waters  along  that  ancient  shore  at  the  two  points  separated  by 
such  a  short  distance.  What  those  conditions  could  have  been  is 
not  at  present  understood. 

The  limestone  beds  of  the  Kinderhook  stage  whicl;  overlie  the 
arenaoeo-magnesian  layers  in  central  Iowa  seem  to  have  no  prob- 
able equivalent  further  south.  The  sandstone  meml^er  which 
underlies  the  oolite  in  Tama  and  Marshall  counties  is  not  suffi- 
ciently well  exposed  ovfer  this  area  to  permit  even  an  approximate 
determination  of  its  equivalent  in  the  exposure  of  the  rocks  of 
this  state  at  the  city  of  Burlington.  ' 

Upper  Carboniferous  or  Fennsylvanian  Series. 

DES  MOINES    STAGE. 

The  deposits  of  the  Lower  Carboniferous  series  were  closed-  by 
a  crustal  movement  that  raised  this  portion  of  the  state  above 
the  sea.  For  an  exceedingly  long  period,  measured  by  three 
geological  ages,  the  area  which  embraces  Tama  county  was  a  land 
surface,  exposed  to  all  the  denuding  effects  of  weathering  and 
erosion  to  which  such  areas  are  subjected  at  the  present  time. 
Deep  gorges  and  wide  valleys  were  carved  in  the  level  strata  of 
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the  Xinderhook  stage  and  doubtless  a  great  depth  of  roek  nuw 
terials  which  were  onoe  laid!  down  above  the  highest  layers  that 
at  present  are  found  in  the  area  was  swept  entirely  from  the  sur- 
face and  carried  down  to  the  sea,  contributing  to  the  sum  of  the 
sediments  which  make  up  the  rocks  of  the  Augusta  and  the  Saint 
Louis  stages  farther  to  the  south  and  west. 

Finally  the  oscillations  of  the  crust  resulted  in  the  submergence 
onoe  more  of  the  greater  portion  of  Iowa.  The  area  under  dis- 
cussion was  involved  in  this  catastrophe,  and  deposits  of  sedi- 
ments once  more  accumulated  over  the  region,  filling  all  of  the 
old  valleys  and  burying  deeply  the  gashed  and  furrowed  surface 
beneath  a  covering  of  sand  and  shale  and  seams  of  coal  which 
constitute  the  deposits  of  the  Des  Moines  stage  of  the  Pennsyl- 
vanian  series. 

This  portion  of  the  state  did  not  remain  beneath  the  waters 
so  long  as  areas  lying  further  to  the  south  and  west.    With  an 
upward  movement  of  the  crust  the  region  was  again  added  to 
the  domain  of  the  land.    This  new  land  was  immediately  attacked 
by  the  quiet  agents  of  the  atmosphere  and  the  more  rapid  action 
of  the  rains  and  streams.    During  the  rest  of  the  Paleozoic  era, 
the  whole  of  the  Mesozoic  and  the  gF9at#p  portion  of  the  Cenozoic 
it  was  being  carved  and  worn  and  wasted;  reduced  to  base  level, 
only  to  bogin  a  new  cycle  of  erosion  with  each  new  elevation  of 
the  land.    The  whole  of  the  deposits  of  the  Des  Moines  stage  was 
eroded  from  the  surface  except  a  few  small  patches  occupying 
old  channels  in  the  Kjnderhook  rocks,  which  were  not  again  ap- 
propriated by  lat»  streams.    Protected  in  these  depressions  from 
the  general  denudation   that   removed    the   great  mass  of  the 
sediments  of  the  Des  Moines  stage,  these  isolated  remnants  wit- 
ness to  the  profound  changes  which  this  region  has  undergone. 

Near  the  central  part  of  section  9  of  Indian  Village  township 
there  is  exposed  in  a  ravine  on  the  north  side  of  the  wagon  road  a 
bed  of  sandstone  about  six  feet  in  depth  which  was  thought  to  be 
of  Des  Moines  age.  The  sand  here  is  quite  incoherent  when  long 
exposed  to  the  weather,  except  where  the  grains  have  been  cement- 
ed together  with  an  interstitial  deposit  of  iron.,  It  is  yellowish, 
brown  in  color  and  coarser  grained  in  texture  than  any  that  had 
been  found  in  the  deposits  of  the  Kinderho^k  stage  in  that  region. 
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No  remains  either  of  plants  or  animals  were  found  in  these  layers. 
This  bed  was  in  a  valley  thirty  feet  lower  than  the  tops  of  the 
ledges  which  form  the  bluffs  of  the  Iowa  river  scarcely  one-half 
mile  away.  The  pockets  and  joints  filled  with  carbonaceous  shale 
which  are  found  at  the  Butlerville  quarry  would  also  indicate  that 
the  entire  surface  of  the  county  had  been  covered  with  these 
Upper  Carboniferous  deposits,  the  most  of  which  had  subse- 
quently been  removed  by  erosion  before  the  beginning  of  the 
Pleistocene  period. 

Fleistocene  System. 

During  the  excedingly  long  interv^al  that  elapsed  between  the 
elevation  which  closed  the  deposits  of  the  Upper  Carboniferous 
series  over  this  area  and  the  initiation  of  the  Pleistocene  period 
not  only  had  the  surface  suffered  great  denudation  and  deep 
erosion  but  the  rock  materials  had  slowly  disintegrated  in  excess 
of  what  was  removed  by  the  streams  and  thus  a  soil  was  formed 
which,  as  it  gradually  grew  deeper,  protected  the  underlying 
rocks  from  the  most  rapid  decay.  Slowly  as  the  soil  accum- 
ulated plants  appeared,  and  at  length  the  surface  became 
clothed  with  vegetation  and  peopled  with  abundant  forms  of  an- 
imal life.  It  was  after  the  long  continuance  of  such  a  condition 
of  things  as  tliis  that  the  Pleistocene  period  was  introduced. 
During  the  early  part  of  this  period  ice  sheets  were  pushed  down 
from  the  north  over  this  area,  bringing  with  them  great  quanti- 
ties of  clay  and  bowlders  and  rock  debris.  These  materials  were 
S])read  out  over  the  surface  of  the  county  to  such  a  depth  that  the 
streams  have  succeeded  in  cutting  their  channels  through  the  cov- 
ering of  drift  in  but  few  places  so  as  to  reveal  the  indurated  rocks 
which  underlie  it.  The  Glacial  series  is  represented  in  Tama 
county  by  three  different  sheets  of  drift,  deposits  of  loess  and 
beds  of  alluvium. 

PRE-KANSAN   DRIFT. 

Near  the  southwest  comer  of  section  19  of  Toledo  township 
a  cut  has  been  made  in  a  hill  in  order  to  make  wider  the  road 
bed  of  the  Chicago  and  Northwestern  railroad.  At  this  place 
the  following  section  has  been  exposed.* 

^SATage:   Drift  Exposure  in  Tama  county,  Proc.  Iowa  Acad,  of  St^iencea,  Vol.  VHI,  p.  275. 
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FKBT. 

5.     Pine-g:rained ,  yellow  colored  clay  without  gravel  or 

bowlders 4>^ 

4 .  Bed  of  sand  in  alternating  bands  of  finer  and  coarser 
grained  material 8 

3.  Bed  of  bluish  colored  clay  containing  numerous 
pebbles  and  bowlders  many  of  which  are  dec  lyed.  .24 

2.  Band  of  brown  colored,  somewhat  sandy  soil  con- 
taining impressions  of  vegetable  remains  and  pieces 
of  woo  1 l}4 

1 .  Bed  of  blue  clay  with  numerous  pebbles  and  bowl- 
ders down  to  the  base  of  the  exposure,  pre-Kansan.l6 


^^ 

^^|M|y 
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^^m^ 

^5 
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1                                         r  ^         . 
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.Fig.  2K.  ExiKWure  in  a  rut  aloni?  the  Chicago  &  Northwestern  Railroad  near  the  south w<^tern 
corner  of  section  19,  Toledo  township.  The  drift  at  the  base  is  pre-Kansan,  that  at  the  top  is 
of  Kansan  age,  the  lu)ri7x>ntal  band  a  little  below  the  middle  of  the  section  repre.sonts  an  old 
Aftonlan  soil  horizon.     (Photo  by  Mr.  J.  M.  R.  Hanson. ) 

In  the  above  section  number  5  is  the  common  fine-grained, 
yellow  loess  that  fonns  the  surface  soil  over  the  most  of  the 
neighboring  uplands.  Number  4  is  a  bed  of  loose  sand  in  which 
the  layers  of  finer-grained  material  alternating  with  those  of 
coarser  texture  indicate  a  deposit  along  the  channel  of  a  stream 
in  which  the  strength  of  tlie  current  was  variable.  The  layer 
of  sand  was  probably  deposited  alorf^  tlie  }>ed  of  a  stream  that 
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carried  off  the  waters  which  resulted  from  the  meltiog  of  tht^ 
E^aosan  ice.  Number  3  is  a  thick  bed  of  bowlder  clay,  containiiig 
nmnerous  pebbles  and  bowlders  of  various  sizes,  many  of  which 
show  marks  of  glaciation.  Quite  a  large  proportion  of  these  peh- 
bles  and  smaJl  bowlders  are  dark  colored  greenstones.  Many  of 
the  light  colored  bowlders  have  so  far  decayed  that  they  soon 
crumble  to  pieces  when  exposed  to  the  air.  This  bed  of  clay  rep- 
resents the  Ka.nflani  drift.  It  is  of  a  yellowish  color  at  the  top,, 
gradually  changing  to  a  bluish  color  lower  down.  It  is  calca- 
reous even  at  the  top  which  is  unusual  for  the  surface  of  the  Kan- 
san  drift  sheet.  It  is  probable,  however,  that  the  bed  of  sand 
which  overlies  this  drift  has  so  protected  it  from  the  atmosphere 
as  to  prevent  the  leaching  of  the  lime  from  the  clay  for  some  few 
feet  below  the  surface,  as  has  generally  taken  place  at  the  upper 
part  of  this  drift.  The  bed  is  cut  by  numerous  joints  amd  cracks 
into  prismatic  and  irregularly  shaped  blocks  and  fragments. 
Number  2  is  a  narrow  band  of  dark  brown  materials  composed 
of  more  or  less  perfectly  decayed  vegetable  matter  mixed  with  a 
soil  which  contains  a  considerable  amount  of  sand.  This  band 
contains  no  trace  of  calcareous  matter. .  Fragments  of  wood,  bits 
of  roots  and  dark  colored  patches  of  carbonaceous  material  occur 
near  the  upper  part  of  the  bed.  It  forms  a  conspicuous  layer 
eighteen,  to  twenty-four  inches  in  thickness,  which  is  exposed  at 
this  horizon  for  a  distance  of  several  rods.  Number  1  is  a  bed 
of  bowlder  day  which  resembles  number  3  above  in  color  and 
contents.  It  does  not  present  such  numerous  joints  as  appear  in 
number  3.  At  the  top  of  the  member  the  oxidation  of  the  iroa 
in  the  clay  has  given  to  the  till  a  slightly  yellowish  appearance 
but  this  chainge  is  not  nearly  so  marked  as  is  often  seen  at  the 
surface  of  the  Kansan  drift.  The  calcareous  matter  has  been 
almost  entirely  removed  to  a  depth  of  one  to  three  feet  A  few 
feet  below  the  soil  band  prompt  and  vigorous  action  when  treated 
with  hydrochloric  acid  reveals  the  presence  of  abundance  of 
lime  down  to  the  base  of  the  exposure.  This  lower  bed  of  till  is 
considered  of  pre-Kansan  age.  The  narrow  band  containing 
plant  remains  and  soil  constituents  represents  the  old  surface  of 
the  Af tonian  interglacial  period,  during  which  interval  the  leach-  * 
ing  at  the  top  of  the  lower  bed  of  till  was  slowly  accomplished. 
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In  well  borings  at  different  points  over  the  county  the  same 
bed  of -bowlder  clay  is  encountered  underlying  the  Kansan  drift; 
but  this  is  the  only  place  within  the  area  where  it  is  known  to  be 
exposed  at  the  surface. 

A  well  put  down  in  the  spring  of  1902  by  Mr.  William  La  Due 
of  Toledo,  for  the  Toledo  and  Tama  Electric  Car  Company,  about 
the  middle  of  the  south  side  of  section  20,  Toledo  township, 
passed  through  the  following  succession  of  beds  as  furnished  by 
the  well  driller: 

FK£T. 

7.  Fine-grained  soil 5 

6.  Yellow  clay  without  pebbles 25 

5.  Stratum  of  sand 8 

4.  Bed  of  blue  clay  containing  gravel  and  bowlders.    .42 

3.  Bed  of  sand 12 

2.  Bed  of  blue  clay  like  number  4 40 

1 .  Very  hard  lime  rock 38 

It  is  probable  that  numbers  6  and  7  of  the  above  section  rep- 
resent a  deposit  of  loess,  the  upper  ]>art  of  which  has  been 
changed  to  a  darker  color  by  the  carbonaceous  matter  that  has 
been  left  from  the  decay  of  successive  generations  of  vegetable 
forms  which  grew  upon  the  surface.  Number  5  is  a  sand  bed 
that  was  probably  laid  down  along  the  channel  of  a  stream  which 
carried  water  while  the  Kansan  ice  was  melting,  but  which  was 
abandoned  when  the  ice  withdrew  from  the  area  and  the  stream 
found  a  lower  level  for  its  bed.  Number  4  is  evidently  a  bed  of 
Kansan  till  with  its  natural  color  and  contents.  Number  3  rep- 
i^esents  a  sttream  deposit  of  sand  that  was  laid  down  either 
during  the  time  of  melting  of  the  pre-Kansan  ice  or  in  the  interval 
of  the  Aftonian  interglacial  period.  Number  2  is  a  bed  of  pre- 
Kansan  drift  which  presents  the  characteristic  blue  color  of  this 
lowest  sheet  of  till  as  it  appears  at  other  points  over  the  state. 
No  fossils  were  preserved  from  number  1  of  the  above  section 
80  it  is  impossible  to  determine  fully  the  age  of  the  limestone 
encountered  immediately  below  the  drift  at  this  point.  From 
the  proximity  to  the  exposures  of  the  rocks  of  Kinderhook  age 
it  would  seem  probable  that  these  rocks  might  belong  to  the  basal 
portion  of  that  stage.  However,  the  lower  members  of  the  Kin- 
derhook rocks  as  they  are  exposed  in  Iowa  are  sandstones  or 

16  G  Rep 
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shales  rather  than  limestone  and  it  may  be  that  the  strata  en- 
countered in  the  well  boring  belong  to  the  Devonian  series. 

A  well  drilled  on  land  owned  by  T.  B.  Kepler  passes  through 
a  succession  of  materials  similar  to  the  above  but  the  beds  of 
drift  are  not  so  thick.  A  well  drilled  on  land  owned  by  W.  B. 
Mitchell  in  Otter  Creek  township  penetrated  the  following  suc- 
cession of  beds : 

rEET. 

4 .     Dark  colored  soil 4 

3 .     Yellow  clay  with  bowlders 95 

2.     Blue  clay  with  bowlders 260 

1.  Bed  of  sand  so  full  of  water  that  it  lifted  drilling 
tools  weighing  500  pounds  up  20  or  30  feet,  down 
to  hard  rock 12 

This  farm  lies  within  the  limits  of  the  Kansan  drift  plain. 
In  the  above  record  number  4  is  a  deposit  of  loess.  Numbers  2 
and  3  doubtless  represent  Kansan  drift.  This  drift  is  usually 
a  bluish  gray  color  in  deep  beds  and  it  is  very  remarkable  that 
oxidation  should  haye  taken  place  to  ^uch  an  extent  as  to  give 
the  deposit  a  yellow  color  to  the  depth  of  ninety-five  feet. 
In  number  1  there  occurred  numerous  pieces  of  wood  two  to 
three  feet  in  length  and  one  inch  in  diameter.  The  sand  also 
contained  numerous  fragments  of  shells.  The  bed  was  doubtless 
occupied  by  the  waters  of  a  stream  which  drained  a  portion  of 
this  region  during  the  Aftonian  intergladal  period.  The  source 
of  the  materials  may  have  been  the  drift  of  pre-Kansan  age  or 
possibly  the  sand  may  have  resulted  from  the  decay  of  native 
sandstone  rooks.  As  will  be  seen  the  indurated  rooks  at  this 
place  are  buried  beneath  a  deposit  of  superficial  materials  370 
feet  in  depth.  This  is  the  greatest  depth  which  these  materials 
are  known  to  have  attained  within  the  county. 

Mr.  Mosnat*  has  shown  that  in  putting  down  a  well,  which  he 
designated  as  number  98,  at  Belle  Plaine,  only  about  one  and  one- 
half  miles  from  the  southeast  comer  of  Tama  county,  the  drill 
passed  through  layers  which  are  essentially  as  follows: 


4.  Pine-grained  loess 15 

3.  Bluish  colored  bowlder  clay  of  Kansan  age 210 

2.  Gravel  and  sand  of  Aftonian  age 5 

1.  Bed  of  blue  till  representing  the  pre-Kansan  drift. .  18 

•Moenat:     Iowa  Geol.  Surv. ,  Vol.  IX,  p.  687. 
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Number  2  is  the  water-bearing  reservoir  which  is  the  soarce 
of  the  water  in  the  flowing  wellsl  of  the  Belle  Plaine  area.  There 
are  a  number  of  suoh  wells  in  the  southeast  comer  of  Tama  oountjr 
and  there  seems  no  reasonable  doubt  that  the  above  section  rep- 
resents the  general  arrangement  of  the  superficial  materials  over 
all  of  the  area  in  which  strong  flowing  wells  occur.  If  this  inter- 
pretation be  correct  there  is  evidence  of  a  sand  and  gravel  bed  of 
Aftonian  age  underlain  by  a  bed  of  pre^Kansan  till  over  quite 
nn  area  in  the  southeastern  pqjrtion  of  this  county. 

It  seems  probable  that  the  pre-Kansan  drift  was  a  thin  sheet 
which  carried  an  abundance  of  gravel  and  that  erosion  removed 
a  large  part  of  its  materials  from  the  uplands  before  the  incur- 
sion of  the  Kansan  ice.  At  leasts  we  have  at  some  points  indubit- 
able evidence  of  an  old  drift  underlying  the  Kansan  and  sepa- 
rated from  it  by  a  bed!  of  water  laid  materials  or  an  old  soil  hori- 
zon, the  line  of  contact  between  the  two  beds  being  exposed  in 
the  railroad  cut  described  above,  while  the  records  of  a  large 
number  of  wells  show  just  as  clearly  the  Kansan  drift  immediate- 
ly overlying  the  indurated  rocks  over  the  greater  portion  of  the 
county. 

KANSAN    DRIFT. 

The  area  over  which  the  Kansan  drift  f ormsi  the  surface  till 
of  the  county  has  been  outlined  under  the  discussion  of  topo- 
graphy. The  materials  of  which  this  drift  is  composed  are  very 
old.'  The  [bowlders  which  it  contains  are  usually  much  smaller 
than  those  carried  by  the  lowan  ice.  A  larger  proportion  of  them 
are  microcrystalline,  dark-colored  basic  rocks  known  as  greeur 
stones.  Many  of  them  have  been  carried  along  beneath  the  ioe 
during  a  portion  of  their  long  journey  and  present  one  or  more 
surfaces  that  have  been  beautifully  planed  and  striated.  A  large 
proportion  of  the  light-colored  granites  are  so  thoroughly  de- 
cayed that  they  crumble  at  once  into  small  bits  when  the  sur- 
rounding clay  is  removed. 

As  the  Kansan  ice  fc^heet  with  its  crushing  weight  of  materials 
was  pushed  down  over  the  old  Aftonian  surface  it  gathered  up 
and  carried  along  with  it  the  most  of  the  pre-Kansan  drift  that 
still  remained  on  the  uplands.    It  also  bore  onward  the  geest  and 
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residuum  of  the  partial  decay  of  the  native  limestone  rocks  which 
had  been  accomplished  since  the  retreat  of  the  first  ice  sheet, 
grinding  down  into  the  solid  ledges  and  leaving  below  it  a  hard 
surface  which  was  planed  and  striated  by  the  rocks  of  the  ground 
moraine  as  the  mass  of  ice  slowly  moved  along.  Such  a  glaciated 
surface  exposed  for  several  square  feet  and  overlain  by  Kansan 
drift  was  seen  in  a  quarry  in  the  north  bank  of  the  river  near. 
the  Tama  and  Marshall  county  line.  These  calcareous  materials 
which  were  gathered  up  from  the.  rock  surfaces  became  so  thor- 
oughly mixed  through  the  Kansan  till  that  the  entire  deposit  was 
permeated  with  cai'bonate  of  lime.  The  surface  of  this  sheet 
has  been  so  long  subjected  to  the  leaching  action  of  the  rains  and  " 
to  the  effects  produced  by  the  growth  and  decay  of  countless 
generations  of  plants,  that  the  lime  has  been  entirely  removed 
to  a  depth  of  two  to  five  feet.  The  iron  also  which  the  drift  con- 
tained lias  been  so  long  exposed  to  the  oxidizing  action  of  the 
atmosphere  that  to  a  depth  of  three  or  four  feet  the  clay  presents 
a  dark  reddish-brown  color,  instead  of  its  typical  bluish-gray,  on 
account  of  the  ferric  oxide  which  it  contains.  For  several  feet 
below  this  red  colored  zone  the  clay  is  usually  a  yellowish-brown, 
grading  down  into  the  unchanged  drift  sometimes  at  a  depth  of 
fifteen  to  twenty  feet.  Examples  of  such  surfaces  of  red  colored 
clay  which  is  thoroughly  leached  of  calcareous  matter  are  ex- 
IK>sed  in  the  ravines  along  the  roadside  between  sections  29  and 
30  of  Richland  township  and  again  along  the  south  side  of  sec- 
tion 17  of  Toledo  township,  and  at  numerous  other  points  Qver 
the  county.  In  fact,  this  is  the  usual  condition  of  things  wher- 
(?ver  the  Kansan  drift  is  exposed  for  a  few  feet  below  the  surface. 
So  exceedingly  old  is  this  sheet  of  till  that  its  surface  was  prac- 
tically carved  as  deeply  and  dissected  as  thoroughly  as  it  is  to- 
day before  the  advent  of  the  lowan  ice.  This  is  evidenced  by 
the  fact  that  the  hills  immediately  adjacent  to  the  border  of  the 
lowan  drift  plain,  which  received  deix>sits  of  loess  and  sand  dur- 
ing the  time  the  lowan  ice  prevailed,  present  a  leached  and  oxi- 
dized zone  at  the  line  of  contact  between  the  drift  of  the  hill  and 
the  loess  or  sand  which  forms  its  crown.  This  oxidized  zone  is 
continued  well  down  the  flanks  of  the  slopes.  The  loess  and  sand 
were  laid  down  over  a  surface  which  had  essentially  the  present 
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erosional  features  before  their  deposition,  those  beds  only  in- 
creasing a  little  the  difference  in  altitude  between  the  valleys 
xmd  the  tops  of  the  hills.  Over  the  more  deeply  loess-oovered 
regions  of  the  county— -and  all  of  the  Kansan  area  is  loess  cov- 
ered— ^the  ravines  along  the  roadsides  in  multiplied  instances  re- 
veal the  old  oxidized  surface  of  the  Kansan  conforming  with  the 
present  contour  of  the  hills;  the  top  of  the  loess  mantle  lying 
parallel  with  and  duplicating  almost  every  inequality  in  the  sur- 
face of  the  underlying  drift. 

The  following  well  records  from  various  points  in  the  county 
reveal  the  till  of  Kansan  age  immediately  overlying  the  indurat- 
ed rocks. 

In  section  1  of  Toledo  township  a  well  on  land  owned  by  J.  W. 
Schoolcraft  penetrated  the  layers  indicated  below: 

TBKT. 

3.  Dark  colored ,  fiae-g^rained  soil  (loess) 3 

2.  Yellow  clay  (loess) 35 

1.  Blue  clay  (Kansan)  with  bowlders  down  to  sand- 

stone   140 

In  section  7  of  Otter  Creek  township  a  well  on  the  farm  of 
Mr.  Elmer  Dowd  gave  the  following  succession  of  beds : 

FEVT. 

4.  Yellow  clay,  fine-g^rained  (loess) 40 

3.  Blue  clay  with  bowlders  (Kansan) 175 

2.  Shale  rock  (Kinderhook) 25 

1 .  Hard  limestone 78 

In  section  17  of  Toledo  township  a  well  drilled  on  the  farm 
of  J.  A.  Berger  shows  the  following: 

FE«T. 

7.     Soil ,  fine-grained  (loess)  4 

6.     Yellow  clay  with  gravel  and  small  stones  (Kansan*.   40 

5.  Blue  clay  with  bowlders  (Kansan) 176 

4.  Shale •.     5 

3.  Limestone 20 

2.  Shale > 160 

1 .  Hard ,  blue  limestone 15 

In  the  town  of  Chelsea,  Salt  Creek  township,  a  well  on 
land  owned  by  J.  W.  Shaler  gives  the  following  record: 

WWT. 

5.  Dark  colored  soil  (alluvium) 4 

4.  River  deposit  of  clay,  sand  and  gravel  (Recent)  . .  33 

3.  Blue  clay  with  bowlders  (Kansan) 148 

2.  Shale  (Kinderhook) 30 

1.     Limestone,  hard  (Devonian) 18 
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A  well  in  section  29  of  Salt  Creek  township  on  the  farm  of 
J.  P.  Wilkson  penetrated  the  following  beds : 

5.     Dark  colored  soil  (alluvium) 4 

4 .  Clay,  sand  and  g^ravel  (Recent) 30 

3.  Blue  clay  with  bowlders  (Kansan) 174 

2 .  Shale  (Kinderhook) 80 

1 .  Limestone  (Devonian) 84 

In  section  36,  Otter  Creek  township,  a  well  section  on  land 
owned  by  N.  Blazek  is  as  follows: 

wmn. 

5.  Soil  (alluvium) 5 

4.  Water-laid  materials  (Recen  ) 30     • 

3.  Blue  clay  (Kansan) 165 

2.  Shale  (Kinderhook) 100 

1 .  Hard  limestone  (Devonian) , 20 

Mr.  McGee  gives  the  following  record  of  a  well  drilled  in 
section  13  of  Clark  township  for  the  Chicago  &  Northwestern 
Railway: 

FSIT. 

4.  Yellow  clay  containiDg:  pebbles  (lowan) 12 

3.  Sand  (Inter-Kansan-lowan) 19 

2.  Blue  clay  with  bowlders   Kansan) 150 

1.     Sand  (Aftonian) IS 

The  first  three  of  the  above  records  were  fnrhished  by  the  well 
driller,  Mr.  W.  H.  La  Due  of  Toledo.  The  three  following  were 
taken  from  Mr.  B.  Mosnat's  report  on  the  artesian  wells  of  the 
Belle  Plaine  area*  and  the  last  one  was  taken  from  W  J  McGee 's 
Pleistocene  History  of  Northeastern  Iowa,  f 

Gravels.— There  are  no  gravels  of  Buchanan  age  known  to 
occur  in  Tama  county,  but  on  the  hill  slopes  in  a  few  places  there 
are  thin  sheets  of  pebbles  and  small  bowlders  overlying  the  Kan- 
san till  which  simulate  deposits  of  the  Buchanan  gravels.  Pro- 
fessor Calvin  found  at  different  points  in  Page  county  a  layer  of 
gravel  conforming  to  the  line  of  contact  between  the  Kansan  till 
and  the  overlying  loess. :{:  He  has  shown  that  the  gravel  in  these 
tiheeta  was  originally  distributed  through  that  part  of  the  Kan- 
san drift  which  has  subsequently  been  removed  by  erosion.  The 
finer  day  portion  of  the  till  was  easily  carried  away  by  the  waters 

•Uosnmi:  lowaGeol.  Snrv.,  Vol.  IX,  p.  566. 

•(-McGee:   Elerenth  Ann.  Rep.  U.  S.  Qeol.  Sury..  p.  529. 

J  Galvin :   Iowa  Oeol.  Surv. ,  Vol.  XI.  pp.  442  and  448. 
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^whicli  drained  the  general  surface  while  the  pebbles  from  quite 
a.  thidknees  of  the  drift,  being  too  heavy  to  be  carried  along  by 
tlie  surfa<?e  water,  became  ooncentrated  in  a  thin  bed  by  the  re- 
moval of  the  finer  materials.  It  is  by  some  similar  process  that 
the  thin  gravel  bed  which  overlie®  the  Kansan  drift  along  tiie 
roadside  between  sections  13  and  14  of  Highland  township  and 
again  between  sections  19  and  30  of  Howard  township  was  formed. 

lOWAN    DRIFT. 

The  lowan  drift  sheet  extends  over  three-fourths  of  the  sur- 
face of  Tama,  county.    The  areas  which  it  covers  have  been  al- 
ready described.    As  a  general  rule  the  lowan  ice  which  moved 
over  the  portion  south  of  the  river  and  over  the  Toledo  lobe  was 
so  thin  and  the  amount  of  materials  which  it  carried  was  so  small 
that  in  many  places  the  erosional  features  of  the  Kansan.  till 
were  not  greatly  modified.    To  discriminate  between  such  lowan 
areas  and  those  of  the  less  eroded  Kansan  surface  is  not  always 
an  easy  task.    Usually,  however,  the  lowan  ice  left  large  bowl- 
ders of  gray  granite  at  more  or  less  frequent  intervals  on  the 
surface  over  which  it  passed.    Wherever  these  appear   in  the 
fields  and  along  the  courses  of  the  streams  there  are  topographic 
features  accompanying  themi  which  together  constitute  quite  dis- 
tinctive criteria.    So  constant  is  the  presence  of.  occasional  bowl- 
ders over  the  lowan  area,  even  where  it  left  but  slight  traces  in 
ibe  topography,  that  its  outlines  could  almost  be  mapped  from 
the  presence  of  these  fresh  granite  bowlders  in  the  foundations 
of  com  cribs  and  other  buildings  on  the  farms  over  the  lowan 
plain.    Usually  only  the  smaller  ones  have  been  removed  from 
the  cultivated  fields. 

Adjacent  to  the  larger  streams  the  lowan  surface  is  well  dis- 
sected and  thoroughly  drained.  The  tributaries,  however,  are 
usually  short  and  they  always  rise  in  broad,  ill-drained  marshy 
sloughs  with  undefined  channels  which  are  utterly  unlike  the 
sharply  angular  trenches  and  furrows  that  form  the  source  of 
the  streams  of  the  unmodified  Kansan  drift  plain.  The  hills  of 
these  hybrid  regions  are  slightly  lower  and  present  more  rounded 
outlines  than  those  in  the  Kansan  area.  They  lack  the  sharp, 
bold  contours  and  abrupt  slopes  so  characteristic  of  the  older 
drift  surface. 
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FiR.  29.     Typical  marHh  in  the  lowan  drift  plain.     In  such  swarapft  the  streamH  of  the  area  take 

thfir  rise. 

Over  large  areas  the  finer  materials  of  the  lowan  drift  have 
been  entirely  removed.  The  undisturbed,  red-colored  Kansan  till, 
thoroughly  oxidized  and  deeply  leached,  that  api>ear8  at  the  topp 
of  the  hills  and  (continues  well  down  the  slopes,  testifies  to  the 
ver>^  small  amount  of  ice  that  has  moved  over  them.  Where  the 
lowan  drift  is  exposed  it  is  of  the  usual  yellowish  color,  not  more 
oxidized  at  the  top  tlian  at  the  base  of  the  deposit,  and  unleached 
at  the  very  surface  of  any  of  its  calcareous  constituents.  Small 
beds  of  this  drift  are  frequently  seen  at  the  foot  of  the  liills  over 
the  hybrid  areas,  but  care  needs  always  to  be  exercised  in  its  dis- 
crimination, for  in  color  and  calcareous  contents  this  material 
]^sembles  the  portion  of  the  Kansan  drift  lying  tetween  tlie  thor- 
oughly oxidized  ferretto  zone  at  the  top  and  the  unchanged  blue 
clay  of  the  deeper  portions  of  the  l>ed.  Erosion  has  frequently 
exposed  this  yellow^  calcareous  Kansan  till  near  the  base  of  the 
hills.  This  older  drift,  however,  carries  a  larger  number  of  pebbles 
and  small  bowlders,  a  large  )>roportion  of  which  are  fine-grained 
and  dark  in  color.  The  bowlders  of  granite  are  frequently  much 
softened  and  decayed.  At  several  places  over  the  hybrid  areas  the 
yellow  lowan  till  is  seen  overlapping  the  ferretto  zone  of  the  Kan- 
san, as  along  the  north  side  of  section  35  of  Howard  township,  be- 
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tween  sections  23  and  26  of  Crystal  and  between  sections  13  and 
14  of  the  township  of  Highland.  Over  most  of  the  northern  por- 
tion of  the  county  the  lowan  till  presents  a  level  unsculptured 
surface  which  is  typical  of  this  recent  drift  plain.  Its  youthful- 
ness  is  depicted  in  eveiy  feature  of  this  deix)sit.  The  agents  of 
erosion  have  scarcely  yet  begun  their  work.  The  constituents 
of  the  till  are  unchanged  at  tlie  verj^  top.  The  granite  bowlders 
are  almost  as  fresh  and  sound  as  when  they  left  their  native 
ledges.  Every  criterion  of  age  attests  tlie  recent  deix)sition  of 
tlie  lowan  materials.  In  comparing  the  age  of  the  lowan  drift 
with  that  of  the  Kansan,  Professor  Calvin  says,*  *'If  it  should 
be  claimed  that  the  Kansan  is  a  hundred  times  as  old  as  tlie 
lowan,  I  know  of  no  facts  at  present  that  would  disprove  the 
claim.     If  some  one  should  estimate  the  age  of  the  Kansan  as 


Fig.  80.  ExpoBuro  of  fossilifennis  lotrss  in  tin*  clay  pit  of  Mr.  Bt-ntlcy.  Hb:.ut  18  fr<'t  in  dcptli. 
ThevIow8how8  th'  ttmdancy  of  this  material  to  stand  in  verti<'al  walls  in  excavations.  A 
slightly  lamina  ed  structuro  is  pn>s«»nt  near  the  top. 

fift}^  times  as  great  as  that  of  the  Towaii,  T  sliould  he  coniix^lliMl 
to  acknowlc^dge  that  the  estimate  is  very  conservativi*. '■  All  of 
the  facts  that  are  i)ivsented  in  Tama  (Hmnty  relative  to  tlu^  age 

♦Calvin:    Ameri<-un  (*«M>l«»Kist,  Dteemher.  IWP,»,  p.  :K 
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of  the  lowan  and  the  Kansan  till  would  support  the  former  of 
the  comparisons  given  above. 

Loess. — The  general  relation  of  the  loess  to  the  lowan  and  the 
Kansan  drift  sheets  in  Tama  county  is  consistent  with  its  dis- 
tribution over  the  greater  portion  of  Central  Iowa  near  the  mar- 
gin of  the  lowan  drift  plain.  Loess  forms  a  mantle  at  the  sur- 
face over  all  of  the  Kansan  area  and  covers  with  a  thin  sheet  the 
most  of  the  souithem  portions  of  the  lowan  drift.  Immediately 
adjacent  to  the  lowan  border  the  deposits  are  deep.  The  mate- 
rials here  are  largely  composed  of  sand  although  the  occurrence 
of  beds  of  the  finer  loess  clay  is  not  infrequent.  Over  all  of  the 
other  loess  covered  areas  the  deposit  is  a  very  fine-grained,  y^el- 
low  colored  silt  containing  no  sand  or  pebbles  and  covering  alike 
the  summits,  slopes  and  valleys.  At  numerous  points  the  beds 
of  loess  attain  a  depth  of  fifteen  to  twenty-five  feet.  In  manj  of 
these  deeper  deposits  the  shells  of  air-breathing  univalves  are 
abundant  throughout  the  entire  depth.  In  such  beds  the  loess 
is  usually  quite  calcareous.  The  segregation  of  the  lime  in  the 
form  of  small  nodules  or  concretions,  loess-kindchen,  along  a 
line  six  to  eight  feet  below  the  surface,  occurs  in  a  loess  exposure 
near  Tama  in  the  southern  part  of  section  25  of  Tama  township. 
These  concretions  are  usually  irregular  in  shape,  two  or  three 
inches  long  and  about  one  inch  in  diameter  of  cross  section.  They 
are  generally  impure,  containing  much  clay  material. 

Even  the  deeper  deposits  of  loess  seldom  present  anything  re- 
sembling lines  of  stratification,  and  when  lamination  planes  are 
present  they  are  such  as  might  readily  be  formed  in  the  deposit 
of  wind  blown  materials. 

All  of  the  features  connected  with  the  deposit  of  loess  in  Tama 
county  are  such  as  might  be  developed  through  the  agency  of  the 
wind.  The  presence  of  the  fragile  yet  unbroken  shells  of  land 
moUusks  distributed  through  the  entire  thickness  of  the  beds 
would  indicate  that  each  portion  of  the  deposit  had  successively 
been  a  surface  and  that  the  shells  were  slowly  buried  by  the  ac- 
cumulation of  the  materials  after  the  animals  that  inhabited  them 
had  died.  The  fact  that  the  loess  mantle  does  not  tend  to  level 
up  the  surface  but  duplicates  the  inequalities  of  the  underlying 
drift  would  strongly  suggest  that  it  was  laid  down  by  the  wind. 
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The  absence  of  uBual  stratification  planes  would  be  at  variance 
vriith  what  would  be  expected  to  result  from  the  sorting  action  of 
^water  if  the  materials  were  laid  down  by  that  agency. 

Deposits  of  fine-grained,  loess-like  bedsi  are  forming  at  the 
present  time  wherever  dust-laden  winds  have  their  velocity 
checked  and  especially  where  a  carpet  of  grass  or  other  vegetation 
covers  the  surface  in  such  places  so  as  to  retain  the  dust  that  falls 
upon  it 

Even  the  deeper  beds  adjacent  to  the  lowan  border  may  pos- 
sibly have  been  deposited  by  the  same  agent.    Professor  Calvin 
has  shown  that  the  materials  of  the  loess  of  central  and  southern 
Iowa  were  probably  derived  from  the  finer  constituents  of  the 
lowan  drift.    The  evidences  which  point  to  this  source  of  the 
loess  are  its  color  and  composition,  its  geographical  relation  to 
the  lowan  border,  and  its  superposition  sometimes  on  tiie  oxidized 
surface  of  the  Kansan  till  and  sometimes   on  the  lowan.*     It 
would  seem  that  the  conditions  during  the  time  the  lowan  ice 
prevailed  would  be  exceptionally  favorable  for  strong  northerly 
and  westerly  winds  whose  sweep  over  the  surface  of  the  ice  sheet 
would  be  unobstructed  by  great  inequalities  of  surface  or  by  the 
presence  of  forest  areas.    Then,  too,  the  finer  loose  materials 
that  were  liberated  as  the  general  surface  of  the  ice  wasted  by 
melting  would  be  in  prime  condition  to  be  gathered  up  and  swept 
along  by  the  winds.    Much  of  these  materials  would  probably 
be  laid  down  around  the  margin  of  the  ice,  but  some  of  the  finer 
portions  might  readily  be  carried  far  beyond  the  border  of  the 
ioe  sheet.    It  would  seem'  probable,  too,  that  immediately  adja- 
cent to  the  lowan  border  the  waters  from  the  melting  ice  would 
wash  some  of  the  sand  and  finer  portions  of  the  drift  over  the  ice 
margin.    However,  the  presence  of  occasional  hills  of  loess,  rich 
in  fossils  and  the  general  absence  of  stratification  planes  in  the 
deposits  of  sand  along  the  moraine  would  indicate  that  even  in 
the  deposition  of  these  materials  the  wind  may  have  had  a  share. 

Post-glacial  Deposits. — ^Deposits  of  the  Pleistocene  later  than 
those  of  the  glacial  series  are  found  at  numerous  points  over  the 
county.  An  accumulation  of  peat  occurs  near  the  southeast  cor- 
ner of  section  24  of  Toledo  township.    This  bog  was  formed  by 

♦Calvin:   Iowa  Gool.  Surv.,  Vol.  VII.  p.  80. 
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the  deposits  at  the  margin  of  the  Toledo  lobe  of  lowan  drift.  It 
originally  covered  an  area  several  square  rods  in  extent  A  thin 
stratam  of  peaty  substance  can  be  traced'  for  some  distance  in 
the  bank  of  a  stream  that  has  since  drained  this  old  marsh.  It 
is  covered  by  a  few  inches  of  soil  that  has  washed  down  from  the 
bordering  hills.  The  peat  bed  is  not  of  sufficient  thickness  to  be 
of  commercial  value,  but  it  is  of  interest  as  recording  here  a  con- 
dition of  things  that  has  since  passed  away.  It  is  said  that 
when  some  weeds  were  being  burned  from  this  field  in  the  autumn 
eome  years  ago,  the  peat  caught  fire  and  continued  to  bum  for 
several  weeks. 

The  channels  of  all  of  tlie  larger  streams  of  the  county  arc? 
bordered  by  a  wide  belt  of  alluvium.  Excavations  in  the  flood 
plain  of  the  Iowa  river  show  about  four  feet  of  dark  colored,  fine- 
grained soil  at  the  top,  below  which  is  a  bed,  twenty  to  thirty- 
three  feet  in  thickness,  whicli  is  composed  of  yellow  day,  sand 
and  gravel.  This  bed  overlies  the  bowlder  clay  of  the  Kansan 
drift. 

These  deposits  record  a  long  interval  after  the  Kansan  drift 
was  laid  down  in  which  the  land  stood  higher  than. at  present. 
During  this  period  a  wide  valley  was  carved  into  tlie  Kansan  drift 
at  least  thirty  feet  deeper  than  the  bed  of  the  present  river.  The 
age  of  the  sand  and  gravel  deposit  is  not  definitely  known.  It 
seems  probable  that  the  cutting  was  accomplished  previous  to  the 
lowan  ice  invasion,  and  that  the  subsidence  which  is  thought  to 
have  attended  the  lowan  stage  of  glaciation  resulted  in  the  par- 
tial filling  of  the  old  pre-Iowan  valley. 

The  same  history  is  recorded  in  the  valleys  of  all  of  the  larger 
creeks  of  the  county.  These  all  flow  in  wide  channels  which  are 
covered  with  deep  dei)osits  of  alluvium.  The  broad  bottom  of 
the  Iowa  river  in  Tama  county  has  an  extent  of  almost  one  hun- 
dred square  miles;  while  the  flood  plains  of  the  creeks  of  the 
area  would  aggregate  nearly  as  much  more.  These  give  to  the 
county  a  large  proportion  of  rich  alluvial  land. 
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Unconformities. 

»Af  ter  the  sediments  which  constitute  the  rocks  of  the  Kinder- 
liook  stag«  were  laid  down,  an  upward  movement  of  the  earth's 
cmast  caxried  this  portion  of  the  state  above  the  sea.    During  all  of 
the  remainder  of  the  Lower  Carboniferous  epoch  this  was  a  land 
s\xrface,  subjected  to  erosion.     The  Upper  Carboniferous  epoch 
^was  initiated  by  a  downward  oscillation  of  the  crust  that  per- 
mitted the  sandstone  of  the  Des  Moines  stage  to  be  deposited  un- 
conformably  over  the  eroded  surface  of  the  Kinderhook  strata.. 

Tlie  elevation  which  brought  to  a  close  the  deposit  of  the  Des 

Moines  sandstones  was  loUowed  by  an  exceedingly  long  interval 

during  which  the  area  that  now  comprises  Tama  county  was  a 

land  surface.    It  was  probably  toward  the  latter  part  of  this  in- 

t<^rval  that  the  deep  preglacial    valleys    above    described    were 

cai-ved  into  the  strata  of  the  Carboniferous  system.    The  earliest 

ice  sheet  spread  its  mantle  of  drift  unconformably  over  this  i>re- 

glacial  surface  and  the  materials  of  each  successive  ice  sheet  were 

left  unconfoimably  over  the  eroded  surface  of  the  preceding. 

Preglacial  Surface. 

From  a  study  of  the  well  sections  and  the  rock  exposures  of  the 
area,  it  will  be  seen  that  the  surface  of  the  indurated  rocks,  be- 
fore it  was  covered  by  the  mantle  of  till,  presented  greater  ine- 
(lualities  than  occur  over  the  area  at  the  present  time.   The  table 
of  elevations  shows  that  the  maximum  known  difference  in  alti- 
tude between  even  the  most  remote  points  within  the  county  is 
only  267  feet ;  while  the  difference  in  elevation  between  adjacent 
points,  as  valleys  and  uplands,  scarcely  ever  exceeds  eighty  or 
ninety  feet    The  record  of  a  well  on  the  farm  of  W.  B.  Mitdiell 
in  Otter  Creek  township  shows  that  the  indurated  rocks  at  that 
point  are  buried  beneath  370  feet  of  superficial  materials,  while 
less  tlian  fifteen  miles  to  the  westward  the  indurated  rock  ledges 
outcrop  in  the  bluffs  to  the  top  of  the  hills.    The  preglacial  relief 
at  points  not  more  than  a  dozen  miles  apart  was  100  feet  greater 
than  the  present  maximum  difference  in  altitude  of  points  sep- 
arated by  the  entire  length  of  the  county. 

There  is  evidence  that  the  bed  of  the  old  river  valley  which 
passes  beneath  the  town  of  Vining  and  on  to  Belle  Plaine  is  at 
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least  fifty  feet  deex>er  where  it  leaves  the  county  than  at  the  point 
in  Otter  Creek  township  where  it  was  reached  by  the  Mitchell 
well. 

There  is  no  doubt  that  the  pregladal  surface  of  Tama  county 
was  carved  by  the  agents  of  erosion  into  deep  wide  valleys  which 
were  bordered  by  precipitous  bluffs  three  to  four  hundred  feet 
in  height.  This  ancient  topography  must  have  presented  features 
which  resembled  in  many  respects  those  of  the  driftless  area  at 
the  present  time.  The  leveling  mantle  of  drift  that  was  left 
by  the  successive  ice  sheets  filled  up  these  deep  gorges  and  ra- 
vines so  that  the  tops  of  the  ancient  hills  are  now  but  rarely  seen. 

Soils. 

The  soils  of  this  favored  area  will  always  constitute  the  great- 
est source  of  wealth  to  the  people  of  Tama  coimty.  The  type  of 
soil  that  occurs  over  the  lowan  drift  plain  is  the  most  distinc- 
tive and  probably  the  most  fertile  of  any  in  the  county.  It  is 
deep  and  black,  rich  in  carbonaceous  material  and  contains  an 
abundance  of  mineral  matter  in  such  compounds  as  can  readily 
be  utilized  by  growing  plants.  The  surface  over  this  area  is 
fairly  well  drained,  yet  the  slopes  are  not  so  steep  that  the  soil 
becomes  rapidly  impoverished  by  the  washing  effects  of  hen 
rain  storms.  There  is  no  waste  land  on  the  farms,  every  square 
foot  of  which  can  be  put  under  the  plow.  Over  Tama  county  the 
lowan  ice  did  not  leave  so  many  bowlders  as  it  did  over  some 
other  portions  of  the  lowan  plain,  hence  the  farmers  here  enjoy 
all  of  the  advantages  of  the  lowan  drift  soil  without  the  disad- 
vantages that  are  present  over  the  more  thickly  bowlder  strewn 
areas.  The  handsome,  well  kept  homes  and  the  large  commodious 
barns  which  characterize  the  farms  over  the  lowan  plain  attest 
the  great  productiveness  of  this  recent  soil. 

Another  type  of  soil  is  found  over  the  loess  covered  Kansan 
drift  portion  of  the  county.  The  Kansan  surface  in  Tama  county 
is  thoroughly  drained.  The  soil  is  loose  and  porous,  easily  tilled 
and  never  becomes  water  clogged.  Where  the  land  is  not  too 
rolling  this  soil  is  dark-colored,  rich  in  organic  matter  and  fairly 
productive.  On  the  steeper  slopes  and  over  the  more  or  less 
sandy  ridges  which  border  the  lowan  plain  the  more  desirable 
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eonatitxients  of  the  soil  are  constantly  removed  by  erosion  so  that 
ttie  irLateiials  that  contribute  to  the  food  of  plants  are  not  allowed 
to   accTiinulate  at  the  surface.    When  the  earliest  settlers  came 
to  Iowa  they  found  this  area  covered  with  heavy  timber.    A  few 
of  the  primeval  trees  may  still  be  seen,  surviving  remnants  of 
tlie  splendid  forests  which  at  one  time  mantled  these  hills  and 
valleys-     The   presence   of   a   forest  over   the    steeper    slopes 
Iirevented  the  wasting  of  the  soil  through  rapid  erosion  and  pre- 
served as  the  fertile  leaf -mould  the  products  of  plant  decay  that 
were  formed  upon  the  surface.    With  the  destruction  of  the  for- 
ests, however,  the  chief  conservator  of  soil  fertility  over  these 
slopes  disappeared.    When  subjected  to  constant  cultivation  they 
yield  but  meagre  returns  for  the  labor  and  expense  involved  in 
the  x>roduction  of  the  crop.    The  original  forests  should  never 
have  been  removed  from  these  areas,  but  where  this  has  been 
done  if  the  surface  is  allowed  to  become  grass  covered  and  the 
land  devoted  to  pirrpoees  of  pasturage  the  strength  of  the  soil 
can  be  retained  and  the  owner  of  the  land  will  be  assured  of  a 
fair  remuneration  for  all  the  labor  which  he  expends  upon  it. 

A  third  type  of  soil  occurs  over  the  flood  plains  of  the  princi- 
pal streams  of  the  county.    This  alluvium  is  usually  underlain 
by  a  bed  of  sand  and  gravel  which  gives  it  thorough  underdrain- 
Hge.   It  is  deep  and  rich  and  mellow,  containing  the  cream  of  the 
soil  removed  from  the  hilk  bordering  the  channel  and  from  the 
slopes  which  are  drained  by  the  tributary  streams.    Where  not 
too  low  so  as  to  be  in  danger  of  inundation,  and  where  there  is 
not  too  large  a  proportion  of  sand  present,  this  alluviumj  is  a 
very  productive  soil  ranking  second  to  none  in  ease  of  cultivation 
and  general  fertility. 

BCONOMIO  PRODUOTS. 

Tama  county  is  pre-eminently  an  agricultural  district.  The 
products,  like  the  quality  of  her  soils,  are  rich  and  varied.  An 
abundant  yield  of  com  and  oats  and  grass  never  fails  to  reward 
richly  the  intelligent  tiller  of  the  land.  The  agricultural  possi- 
bilities of  Tama  county  are  not  yet  reached  and  it  is  in  that  di- 
leotion  that  the  people  of  this  fertile  area  must  largely  look  for 
the  basis  of  their  prosperity  and  progress. 
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Building:  Stone. 

The  total  value  of  the  output  of  building  stone  in  Tama  county 
for  the  year  1901  was  $325.*  The  stone  suitable  for  building  pur- 
l.»oses  comes  from  the  Kanderhook  stage  of  the  Mississippian 
series.  As  described  above,  it  is  limited  to  a  small  area  in  the 
middle  western  portion  of  the  county.  Of  these  rocks  the  beds 
that  have  been  used  embrace  the  oolitic  limestone  and  the  are- 
naceo-magnesian  beds  which  immediately  overiie  them.  The 
oolite  is  a  weak  stone  crumbling  rapidly  when  exposed  to  the  air. 
When  polished  it  presents  a  pleasing  appearance  and  if  used  in 
places  where  it  will  be  protected  from  the  weather  it  proves  a 
very  satisfactory  stone.  These  oolite  layers  were  especially  de- 
sired for  the  making  of  lime  in  the  days  when  each  locality  was 
dependent  upon  its  own  resources  for  building  materials.  There 
is  but  little  of  this  stone  used  at  the  present  for  any  purpose. 
When  the  importance  of  good  roads  is  better  appreciated  and 
permanent  road  beds  come  to  be  built  over  the  area,  this  oolitic 
limestone  will  be  a  valuable  deposit,  easily  accessible  and  pro- 
ducing good  results  when  used  for  road  making. 

Samples  of  the  oolite  from  Montour  were  tested  by  Mr.  Logan 
Waller  Page  of  tlie  Road  Material  Laboratory  connected  with 
the  U.  S.  Department  of  Agriculture.  Tlie  results  of  the  test 
are  given  below: 

Specific  gravity 2.61 

Weight  in  pounds  of  a  cubic  foot 163. 12 

Pounds  of  water  absorbed  by  a  cubic  foot 1 .65 

Departments  coefficient  of  wear 60.4 

French  coefficient  of  wear 5.9 

Percentage  of  wear 7  9 

Cementing  value 123 . 

Recementing  value 43 . 

With  regard  to  the  use  of  this  material  in  the  building  of  roads 
Mr.  Page  says,  ''Although  this  rock  has  a  low  coeflBcient  of 
wear,  its  cementing  value  is  so  high  that  excellent  results  should 
be  expected  on  light  traffic  roads. ' ' 

The  magnesian  layers  of  the  bed  overlying  the  oolite  furnish 
a  desirable  quality  of  stone  for  rough  foundation  purposes.  The 
material  becomes  harder  after  it  has  been  taken  from  the  ledge, 
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the  layers  are  of  such  thickness  as  to  make  them  easily  worked 
and  the  supply  is  almost  inexhaustible  over  the  very  limited 
area  in  which  it  occurs. 

The  demand  is  local,  as  the  quarries  ait.  LeGrand  are  more  ac- 
cessible to  the  railroad,  making  the  facilities  for  shipping  stone 
much  better  there  than  at  any  point  within  Tama  county.  Prao- 
tically  all  of  the  stone  produced  in  the  county  comes  from  these 
arenaceo-nmgnesian  layers  overlying  the  oolite.  Its  value  for 
use  as  road  material  may  be  judged  from  the  results  of  tests  made 
upon  stone  from  these  layers  at  the  Butlerville  quarry. 

The  report  of  Mr.  Page  upon  this  stone  is  as  follows : 

specific  gfravity 2.59 

Weight  in  pounds  of  a  cubic  foot 162. 19 

Pounds  of  water  absorbed  by  a  cubic  foot 3.21 

Department's  coefficient  of  wear 0. 

French  coefficient  of  wear 1.8 

Percentage  of  wear 22 . 5 

Cementing  value 22. 

Recementing  value 34. 

Relative  to  the  above  Mr.  Page  remarks :  ^ '  This  rock  has  too 
low  a  resistance  to  wear  to  warrant  its  use  in  niaeadamizing  a 
road;  but  it  has  the  peculiar  property  of  recementing  with  in- 
creased strength  and  ought  to  make  a  good  surfacing  material." 
AVhile  in  Tama  county  there  are  no  deposits  of  gravel,  which 
l>robably  furnish  the  most  desirable  product  for  road  making, 
yet  there  are  materials  suitable  for  that  purpose  in  abundant 
quantities  and  close  at  hand.  The  oolite  bed  and  the  hard  lime- 
stone layers  which  immediately  overlie  the  aranaceo-magnesian 
l)ed  in  Tama  county,  and  which  are  develojied  in  greater  thick- 
ness at  exposures  just  across  the  border  in  Marshall,  would,  when 
crushed,  make  a  good  macadam.  For  surfacing  material  tlie 
beds  that  overlie  the  oolite  would  furnish  a  superior  product  in 
(luantities  almost  unlimited. 

liime. 

A  number  of  years  ago  lime  was  burned  on  quite  a  large  scale 
at  Butlerville  and  at  Montour.  The  beds  of  oolite  were  especially 
desired  for  that  purpose.  This  limestone  yields  as  good  a  quality 
of  lime  as  can  be  made  from  the  pure  calcium  carbonate  and  the 
materials  for  such  a  product  occur  at  the  above  points  in  great 

17  O  Rep 
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abundanoe.  TELoweveVj  the  lime  made  from  dolomite  is  superior 
in  value  to  the  best  that  eau  be  produced  from  the  lime  oarbonate 
in  that  it  d^s  not  yield  so  readily  to  the  action  of  the  atmosr 
phere.  It  can  be  kept  longer  without  injury  and  it  sets  into 
a  harder  and  more  durable  plaster  or  mortar.  The  magnesian 
layers,  aa  a  general  rule,  contain  too  large  a  proportion  of  sand 
to  produce  the  best  results  in  lime  making. 

Sand. 

Sand  suitable  for  building  purposes  occurs  at  a  number  of 
places  in  Tama  county.  Large  quantities  are  annually  taken 
from  the  sand  flats  along  the  bed  of  the  Iowa  river.  The  sand 
hills  of  the  lowan  moraine  furnish  unlimited  quantities  in  the 
central  portion  of  the  county.  Some  of  the  more  incoherent  lay- 
ers of  the  Kinderhook  sandstone  would  furnish  serviceable  ma- 
terial for  plaster  if  abundant  deposits  easier  of  access  were  not 
available. 

Clay. 

According  to  the  statistics  compiled  by  Professor  Beyer  on  the 
Mineral  Products  of  Iowa,  the  value  of  the  clay  products  manu- 
factured in  Tama  county  for  the  year  1901  aggregated  $63,500.* 
Brick  and  tile  are  the  only  clay  products  at  present  made  within 
the  area.  The  raw  material  is  furnished  mostly  by  the  deposits 
of  loess  and  alluvium.  Factories  are  supported  at  various  points 
over  the  county. 

Toledo.— A.  brick  and  tile  factory  owned  and  operated  by  John 
Wild  and  son  is  located  just  west  of  town  near  the  Cliicago 
and  Northwestern  depot  The  plant  includes  two  drying  sheds, 
4Sxl50  feet  and  20x150  feet  respectively,  with  drying  space  of 
12,600  square  feet.  It  is  equipped  with  a  thirty  horse  power  Erie 
engine,  a  J.  D.  Fate  brick  machine,  with  a  capacity  of  25,000 
brick  per  day,  and  a  tile  machine  of  the  same  make  with  a  daily 
capacity  of  10,000  three-inch  tile.  Various  sizes  of  tile  are  manu- 
factured, ranging  from  3  to  8  inches  n  diameter.  There  are 
two  up-draft  kilns  with  a  capacity  of  180,000  brick,  and  one  down- 
draft  with  a  capacity  of  about  55,000.    The  plant  is  in  operation 
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about  nine  months  of  the  year,  during  the  greater  part  of  which 
time  ten  men  are  employed.  The  most  of  the  brick  and  tile  are 
sold  to  farmers  and  builders  within  a  radius  of  eight  or  ten  miles. 
The  total  value  of  the  output  of  brick  per  year  is  about  $7,000^ 
while  the  value  of  tlie  tile  production  is  about  one-fourth  of  that 
amount  The  clay  used  at  this  place  is  a  loess  alluvium  about 
eight  feet  in  depth  which  occurs  along  the  valley  of  Deer  creek. 
Tama. — About  one  mile  east  of  Tama,  in  the  southwest  quarter 
of  section  25  of  Tama  township,  there  is  a  brickyard  owned  and 
operated  by  C.  B.  Bentley  and  son.  This  factory  is  equipped 
with  a  forty  horse  power  engine  and  a  Brewer  tile  and  brick  ma- 
chine with  a  capacity  of  25,000  to  30,000  brick  per  day.  There 
are  two  up-draft  kilns,  a  drying  shed  80x100  feet  and  a  machine 
building  40x60  feet.  This  plant  is  in  operation  about  six  months 
of  the  year.    The  value  of  the  brick  output  for  the  year  is  $6,030 


FiK.  31.     Typical  view  of  the  level  lowan  plain  in  the  northern  part  of  Tama  county. 

to  $7,000.  The  material  is  mostly  sold  in  Tama  and  the  surround- 
ing district  within  a  radius  of  a  few  miles.  The  day  pit  is  in  a 
bed  of  fossiliferous  loess  about  twenty  feet  in  depth  whicft  oc- 
curs on  the  north  bank  of  the  Iowa  river. 

Gladbrook. — Two  large  plants  for  the  manufacture  of  clay  pro- 
ducts are  operated  at  Gladbrook.  The  works  of  the  Gladbrook 
Pressed  Brick  and  Tile  Company  are  located  about  one  mile  west 
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power  Atlas  engine  and  a  J.  D.  Fate  stiff  mud  machine  which 
by  changing  dies  and  table  is  used  for  either  brick  or  tile.  There 
are  two  round  down  draft  kilns  with  a  separate  capacity  of  60,- 
000  brick.  The  standiard  sizes  of  tile,  three,  four,  six,  eight  and 
ten  inches  in  diameter,  are  produced.  The  plant  employs  about  a 
dozen  men  during  nine  months  of  the  year.  The  total  value  of  the 
yearly  output  of  tile  is  $3,000  and  of  brick  $7,000.  Their  market 
is  chiefly  in  and  about  Traer. 

Water  Supply. 

The  Iowa  river  furnishes  an  abundant  supply  of  water  to  the 
area  through  which  it  flows.  The  larger  creeks  all  head  in  thie 
marshy  sloughs  of  the  lowan  drift  plane.  These  springs  dole  out 
to  the  surface  streams  a  supply  of  water,  cleai-  and  constant, 
which  continues  to  flow  throughout  the  year.  Abundant  water 
is  furnished  by  shallow  wells  from  the  porous  bedsi  of  the  Pleis- 
tocene in  almost  everj'  part  of  the  county.  Plowing  wells  are 
obtained  by  penetrating  the  gravel  bed  of  Aftonian  age  which 
underiies  the  Kansan  drift  along  a  deep  preglaoial  valley  in  the 
southern  portion  of  the  area.  Sometimes  the  water  supply  seems 
to  come  from  the  indurated  rocks  adjacent  to  this  bed  of  gravels. 
It  seems  likely,  however,  that  even  in  such  places  this  porous 
deposit  is  the  real  source  of  the  accumulation  of  the  water  which 
probably  fell  upon  the  surface  some  miles  to  the  northward. 
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INTRODUCTION. 

i;koi.'>uic  ano  gkographic  relations— area. 

(Miiokasaw  iH>untY,  ono  of  the  altogether  too  few  geographical 
liivivsions  whioh  War  a  name  derived  from  the  speech  of  the 
aborijrinal  inhabitants,  is  kvatod  in  the  northeastern  part  of  the 
stati\  Howard  oonnty  seivuiUes  it  from  Minnesota,  Winneshiek 
and  Fj\j  otto  bound  it  on  tlio  oast,  Bremer  on  the  south  and  Floyd 
on  tl\o  \viV5!it.  With  ivsjnvt  to  its  indurated  rocks,  Chickasaw  is 
AvhoUv  inoludoil  within  the  IVvonian  area:  so  far  as  concerns  it^ 
sutiUMal  dojH^its,  it  lies  w-itb.in  tlic  area  iwupied  by  lowan  drift. 
Its  t\nstorn  Innindan*  is  Kvatt\l  only  a  few  miles  west  of  the  east- 
ern iHigv^  of  the  lowan  pla:n.  and  as  a  rvsull  of  its  }»sition  our 
vvunty  on\bnuvs  so^no  of  t!:o  s^iiuiy  ridgv-s,  avss  ^xvered  uplands 
atul  otlior  n)ai>rir,al  tv^jx^crar r.ic  ohani^tcristiv'^  of  the  lowan  ai^ea. 
Tl.otv  is  onA"  iho  width  of  two  vvur.v.'-s  <<-y'an\::::£r  Ciickasaw 
ttvn,  tl,e  vkvi^  valley  aixl  :':;o  sux^\\  rwky.  p::rjres*-;Tie  blu3ts  oi 
;'!\o  Miss,>s:ppi  river:  ar.vl  r..r.oh  Itss  sy:-,:^  'iitorvenes  betweeii 
our  \v;;rJY  aixi  :he  dr.::*t>$s  a:va  w::h  i:^  s:n:ci:i.s  d:'wir.g  in  d^^.> 
i:\>^>:vss  :*!;o  whole  s:;r::uv  p:v:\u::.ily  ::\:.:l.t-i  £::i  oarv^i  bv 
o^.V'S^on  ^v^  as  :o  oxv\><<^  rjck  s<x:.:r.s  Svvrt<  :r  even  hnrirv^is  >f 
:\\  4  :n  ho^cl.t  alr.^v^s:  cvorywlitrw  T.^  ::-0  n:»:  yvrs-:'i.:Cy  r^LniiliSLT 
w;:h  ::;c  :\so:ss  :.'0  vvv:n»s:  K:w^-n  :le  iri::less  s.rv3  sn5  iie 
v\\;v:\    Nxe  ^-^.'-.v  vW.s  .iirivc    s  a"v.  >>:  :v-xr.:^£ :'.=/'►-:  f:r  Oli::"*;- 
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asaw  ooxinty  is  an  area  of  practmUy  &o  rook  exposuns,  it  is  a 
level  plaiD,  uueroded,  in  most  of  itsareavery  imperfectly  drained 
so  far  as  being  provided  with  natural  trenches  for  carrying  off 
storm  waters  is  concerned.  The  area  of  Chickasaw  cotm.ty  is 
approximately  500  square  miles. 

PREVIOUS  GEOLOGICAL  WORK. 

The  geologists  of  a  generation  ago  gave  very  scant  attention  to 
the  drift,  or  to  any  of  the  numerous  problems  connected  with  the 
surficial  deposits.  From  the  standpoint  and  attitude  of  that 
day  these  subjects  were  all  negligible  quantities  which  seemed 
scarcely  to  fall  within  the  scope  of  geological  science.  For  it 
must  be  remembered  that  geology  was  then  wnfined  almost  exclu- 
sively to  an  investigation  of  the  indurated  rocks,  of  the  sedi- 
mentary rocks  chiefly— such  as  limestones,  sandstones  and  shales 
-^together  with  their  fossil  and  mineralogical  contents.  With 
niost  of  the  prominent  geological  workers  of  the  time  there 
seemed  but  one  sure  way  to  win  geological  renown,  and  that  was 
to  describe  new  fossil  species.  When,  therefore,  it  is  borne  in 
mind  that  more  than  nine-tenths  of  Chicaksaw  county  is  simply  a 
great  prairie  plain  presenting  nothing  for  investigation  but  siich 
commonplace  things  as  rich  black  soils  and  erratic  crystalline 
bowlders,  that  exposures  of  native  rocks  are  very  few,  and  none 
of  commanding  interest  from  the  point  of  view  of  the  elder  geolo- 
gist, it  will  not  seem  strange  that  this  county  is  scarcely  men- 
tioned in  our  geological  literature.  It  was  with  reference  to  an 
area  in  northeastern  Iowa,  of  which  Chickasaw  county  is  a  typical 
part,  that  our  pioneer  geologist.  Dr.  David  Dale  Owen,  wrote  in 
his  report  to  the  Commissioner  of  the  General  Land  Office,  in 
1848: — '*The  geologist  who  undertakes  to  investigate  the  vast 
prairie  country  of  the  Mississippi  Valley  must  be  provided  with 
no  common  share  of  patience  and  perseverance.  He  must  be  con- 
tent to  travel  for  half  a  day  together  without  seeing  augjit  but  a 
rich,  black  soil,  covered,  as  far  as  the  eye  can  reach,  even  down  to 
the  very  edge  of  the  small  streams,  with  a  thick  and  high  growth 
of  prairie  grass,  with  perhaps  a  faint  outline  of  timber  cutting 
the  distant  horizon.  He  must  be  prepared!  to  wade  swamps,  to 
ford  streams  waist  deep,  or,  in  times  of  freshets,  to  plunge  in  and 
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breast  the  current  He  must  not  shrink  beneath  a  broiling  sun, 
without  even  a  bush  to  cast  a  faint  shadow  over  an  oocasional  rest- 
ing-place. He  must  think  himself  fortunate  if  he  can  reach,  at 
night,  a  few  scattered  oaks  to  plenish  his  fire,  and  boil  his  camp 
kettle ;  and  he  may  consider  it  a  special  instance  of  good  luok,  if, 
in  return,  he  can  catch  a  glimpse  of  a  rock  exposure  once  or  twice 
a  day.  He  may  travel  for  days  together  without  lighting  on  any 
object  more  interesting  than  the  hillock  of  the  prairie  dog,  or  the 
broad  lair  of  the  bison."* 

The  conditions  under  which  the  work  of  D.  D.  Owen  was  done 
have  long  since  disappeared.  The  aspect  of  the  country  has  been 
greatly  changed.  Groves,  everywhere,  within  the  limits  of  the 
horizon,  break  up  the  wideness  and  monotony  of  the  sea-like 
expanses  of  level  prairie,  fringes  of  planted  trees  afford  grateful 
shade  by  every  wayside,  while  improved  roads  and  well  con- 
structed bridges  relieve  the  traveller  almost  wholly  from  the 
necessity  of  wading  marshes  or  fording  streams.  Many  of  the 
marshes,  by  well  planned  drainage,  have  indeed  been  trans- 
formed into  fruitful  fields.  But  amid  all  the  transformations 
which  have  taken  place  since  Owen  worked  and  wrote,  the  scarcity 
of  rock  exposures  remains  practically  unchanged.  In  HalPs 
report  on  the  Geology  of  Iowa  there  is  the  barest  reference  to 
Chickasaw  county,  and  that  relates  altogether  to  the  drainage  and 
surface  oharacteri sties. f  White's  report;};  does  not  even  mention 
our  county  in  any  way.  As  a  matter  of  fact,  however,  the  serious 
limitations  of  time  under  which  lie  worked  prevented  his  visiting 
any  of  the  prairie  counties  in  northeastern  Iowa.  In  MoGee's 
Pleistocene  Historj-  of  Northeastern  lowa,^  there  are  references 
to  the  topography  and  other  surficial  phenomena  of  Chickasaw 
county.  In  no  official  publication,  however,  lias  there  heretofore 
been  any  discussion  of  the  interesting  though  numerically  limited 
rock  exposures  which  the  county  affords. 

♦The quotation  l«  copied  from  Owon'aGcol.Sur.  of  Wis.,  Iowa  and  Mln.,  p.  79 ; Phlladelpliia, 
1852.  The  wording  is  but  sltfrhtly  different  in  the  original  report  to  the  Commis  io  .:er  of  the  Land 
Office,  pp.  86  and  87 :  Washington,  1848. 

f  Rept.  on  the  Oeol,  Surv.  of  the  State  of  Iowa,  by  Jameji  Hall  and  J.  D.  Whitney ;  Vol.  I. 
Part  I,  p.  806.    1858. 

X  Rept.  on  the  l^eol.  Surv.  of  the  State  of  Iowa,  by  Charles  A.  Wlilte,  M.  D.  ;  Vols.  I  and  II. 
DesHolnra,  1870. 

$  The  Pleistocene  History  of  NorthMistern  Iowa,  by  W  J  .McLtih;;  Eleventh  Ann.  Rept.  of  the 
V.  a.  Geol.  Surv.  ;  Wa'.hlngton.  1801. 
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TOPOGRAPHY. 


The  topography  of  Chickasaw  county  shows  few  striking  fea- 
tures of  any  kind.  In  general  the  surface  is  a  plain  modified  by 
only  a  small  amount  of  relief.  With  the  exception  of  some  small 
areas  in  the  western  part  of  Bradford  and  Chickasaw  townships, 
the  whole  county  is  covered  with  the  lowan  drift  which  remains 
unaltered  and  uneroded,  precisely  as  it  was  left  at  the  time  of  tlie 
withdrawal  of  the  lowan  glaciers  (Fig.  22.).  In  places  the  lowan 
drift  mantle  was  thick  enough  to  disguise  the  pre-Iowan  topogra- 


FlO.  3?. 


Lev<l  lonan  plain  with  charactfri'tio  bowld;  rs,  southwost  quarter  of  pc-ction 
18,  Drcstlen  township. 


phy  and  develop  the  tj^pical,  gently  undulating  lowan  plain.  In 
places  the  latest  drift  was  too.  thin  to  do  more  than  slightly  mod- 
ify the  older,  erosional  toix)graphy.  An  unusual  number  of 
streams  traverse  the  county — the  general  trend  being  from  north- 
west to  southeast— and  divide  the  surface  into  a  corresponding 
number  of  long,  narrow  inter-stream  areas.    The  streams  follow 


2f)2  GEOLOGY   OF   CHICKASAW    COUNTY. 

broad,  shallow  troughs  in  the  surface,  in  places  two,  three,  or  four 
miles  in  width.  The  narrow  divides  between  the  broad  valleys 
vary  in  topographic  types  from  areas  of  pronounced  hills  and 
swells  and  minor  irregularities,  to  upland  plains  diversified  by 
only  low,  flat,  long-sweeping  undulations.  The  typical  lowan 
plain  is  exemplified  in  the  northern  part  of  the  northern  town- 
ships, Deerfield,  Washington,  Jacksonville,  and  TJtica.  New 
Hampton  is  located  in  the  center  of  such  a  plain,  and  the  same 
type  of  plain  surrounds  Ionia,  stretching  away  to  the  horizon  in 
nearly  every  direction.  The  gently  undulating  plain,  developed 
by  the  constructive  and  moulding  effects  of  glacial  ice,  and  not  by 
erosion,  is  the  predonlinant  type  of  topography  throughout  the 
county.  There  are  a  number  of  areas,  esi)ecially  in  the  eastern 
part  of  the  county,  so  level  that  drainage  is  still  very  imperfect, 
and  crops  suffer  accordingly  when  seasons  are  more  than  usually 
wet. 

The  hilly,  rolling  tracts  are  never  very  extensive,  but  they  are 
met  with  more  or  less  frequently  in  every  part  of  the  count3\ 
Such  tracts  have  no  definite  boundaries,  for,  in  very  short  dis- 
tances sometimes,  they  fade  out  and  blend  into  the  characteristic 
lowan  plain.  One  of  these  belts  of  rolling  country  occurs  two  or 
three  miles  south  and  southeast  of  New  Hampton.  For  a  mile 
and  a  half  east  of  Fredericksburg  there  is  a  low,  level  plain,  and 
this  is  followed  by  an  upland  area  broken  into  rounded  hills 
which,  in  some  instances,  rise  sixty  feet  above  the  intervening 
depressions.  From  such  a  station  as  the  southeast  comer  of  sec- 
tion 9,  Fredericksburg  township,  the  contrast  between  the  low 
plain  and  the  billowy  upland  is  very  strikingly  illustrated.  A 
score  or  more  of  similar  examples  might  be  given.  There  are,  for 
instance,  a  few  sections  of  rolling  lowan  in  the  northeastern  part 
of  Bradford  township  and  contiguous  parts  of  Chickasaw.  The 
northwestern  and  western  parts  of  Richland  township  are  com- 
paratively level,  but  the  surface  breaks  into  rolling  swells  along 
Calamus  creek,  while  a  third  phase  of  the  lowan  topography  is 
illustrated  in  the  broad,  flat  bottom  land,  partly  undrained,  which 
borders  the  Wapsipinicon  river  a  little  farther  east  in  the  same 
township.  The  rather  feebly  developedi  hilly  characteristics  of 
the  rolling  lowan  are  still  further  exemplified  in  the  southeastern 
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Fig.  S3. 


Border  of  a  small  area  of  * '  rolling  lowaii "  in  the  southwest  quarter  of  section 
15,  Jacksonville  township. 


comer  of  Jacksonville  township  and  the  adjacent  parts  of  New 
Hampton.  But  these  may  suffice  for  concrete  illustrations  of  a 
type  of  topography  easily  recognized  and  quite  widely  distrib- 
uted (Fig.  33  ).  The  hills  in  such  areas  are  not  high,  the  surface 
slopes  are  comparatively  gentle,  the  topography  has  not  been 
developed  by  erosion  since  the  lowan  drift  was  deposited,  neither 
can  it  be  claimed  that  it  is  simply  a  modification  of  a  pre-Iowan 
surface.  Like  the  more  level  plains  into  which  this  type  merges, 
it  is  a  product  of  constructive  agencies,  of  ice  moulding. 

In  some  parts  of  the  county  the  pre-Iowan  topography  is  but 
imperfectly  concealed  by  the  later  drift  An  area  of  this  kind 
makes  up  the  long  slope  between  Devon  and  the  Little  Wapsipini- 
con  river  at  North  Washington.  There  was  here  deposited  only  a 
very  meager  amount  of  lowan  drift;  the  rain-cut  gullies  by  the 
roadside  reveal  the  leacJied  and  oxidized  Kansan  till  and  the  fer- 
ruginous Kansan  gravels  within  a  few  inches  of  the  grass  roots ; 
the  undulations  of  the  surface  are  much  stronger  than  in  typical 
lowan  areas ;  the  hills  and  trenches  of  the  old  eroded  Kansan  are 
dearly  expressed  in  the  modem  topography.  Another  interest- 
ing bit  of  erosional  pre-Iowan  topography  is  seen  along  the  line 
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which  separates  sections  20  and  29  in  Bradford  township,  on  the 
cast  side  of  the  Cedar  river,  opi)osite  Nashua.  A  rather  deep 
ravine  with  short  lateral  gulches,  preglacial  as  to  age,  is  cut  in 
the  Devonian  limestones.  Over  part  of  this  area  all  drift  is  ab- 
sent, the  rock  coming  practically  to  the  surface  as  shown  in  figure 
34.    On  both  sides  of  the  Cedar  river,  from  the  i)oint  where  this 


Vu;. 


'M.    Vunrry  in  the  .soutlu-ust  (inartor  of  s(ctio»  20.  Bradford  towiixhip.  »*ht)\viDK 
ubsciKM-  of  drift  in  a  small  area  of  pre-Iowan  toiK)graphy . 


stream  enters  Bradford  township  to  where  it  leaves  the  county 
near  Pearl  Rock,  there  is  a  general  absence  of  drift  of  any  age, 
the  Devonian  limestones  crop  out  On  tlie  slopes  and  hill  tops  in 
numerous  {>laces,  the  hills  and  ravines,  with  reliefs  of  fully  eighty 
feet,  are  a  product  of  preglacial  erosion  working  on  the  indurated 
rocks.  In  the  angle  between  the  Cedar  river  and  the  Little  Cedar, 
near  Bradford,  there  is  a  high,  steep-sided  promontory  not  drift- 
covered,  a  conspicuous  illustration  of  some  of  the  characteristics 
of  the  preglacial  topography.  On  the  west  side  of  the  Little 
Cedar  river,  between  Bradford  and  Bassett,  there  is  very  little 
lowan  drift;  there  are  places  where  there  is  practically  no  drift 
of  any  kind;  the  topography  is  of  the  older  erosional  type.  A 
region  of  sandy  and  partially  loess-covered  hills  sixty  to  eighty 
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feet  in  height,  well  carved  by  surface  drainage,  occurs  in  sections 
16, 17,  20  and  21,  Chickasaw  township.  There  are  deep  trenches 
of  recent  erosion  along  the  roadsides,  and  there  are  some  rain-cut 
scars  and  gulches  in  the  fields;  but  in  general  the  topography  is 
old,  older  than  the  lowan  stage  of  glaciation.  In  the  northeastern 
part  of  the  town  of  Bassett  there  is  a  prominent  knob-like  hill 
which  is  the  south  end  of  a  narrow  ridge  jutting  out  from  the  up- 
land lowan  plain  and  encroaching  upon  the  low,  broad  valley  of 
the  Little  Cedar  river.  The  bluffs  bordering  the  river  valley  rise 
to  the  same  general  level.  The  whole  surface  of  the  r^on— bot- 
tami  lands,  bluff  slopes  and  upland  plainsi— is  sprinkled  with 
lowan  bowlders.  The  lowan  ice  was  here,  but  the  amount  of 
detritus  it  carried  was  insufficient  to  affect  in  any  notable  degree 
the  relative  altitudes  of  the  pre-Iowan  bluffs  and  low  lands. 

In  a  region  a&  level  and  monotonous  as  is  Chickasaw  county  in 
general,  tiie  shallow  stream  valleys  become  marked  features  of 
the  topography.  Over  most  of  the  county  these  valleys  are  sim- 
ply broad  concave  sags  in  the  general  surface;  but  the  valley  of 
the  Ced^r  throughout  its  short  course  in  Chickasaw,  and  the  valley 
of  the  Little  Cedar  from  above  Bassett  to  its  confluence  with  the 
larger  stream,  are  evidently  old,  rock-cut,  preglacial  trenches 
bounded  by  bluffs  and  hills  rising  to  heights  of  eighty  feet  or 
more.  Very  little  of  the  material  from  any  of  the  drift  sheets 
covering  the  adjacent  parts  of  the  country  found  permanent  lodg- 
ment in  these  valleys.  Between  the  town  of  Chickasaw  and 
Nashua  the  broad  bottom  lands  through  which  the  Little  Cedar 
flows  are  underlain  by  a  heavy  body  of  the  valley  phase  of  the 
Buchanan  gravels,  showing  that  the  valley  was  as  widfe  and  deep 
as  it  is  today  at  the  time  of  the  melting  of  the  Kansan  ice.  There 
has-  been  no  filling  and  re-excavation  of  these  valleys  since  pre- 
Kansan  time.  Some  ox-bow  lakes  or  abandoned  meanders  in 
sections  4  and  9  of  Bradford  township,  practically  at  the  present 
level  of  the  river,  indicate  that  there  has  been  no  deepening  of  the 
valley  in  very  recent  periods.  Above  and  below  Jerioo,  in  sec- 
tions 28,  31  and  33  in  the  northern  part  of  Jacksonville  township 
(Tp.  97  N.,  B.  XII  W.),  Crane  creek  flows  in  a  broad,  ill-drained 
bottom  land  which  is  set  off  from  the  drier  upland  by  an  imper- 
fectly defined  terrace  slope.    The  terrace  is  composed  of  valley 
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gravels  of  the  Bachanan  stage.  In  this  r^on  there  has  been 
some  erosion  of  the  gravels  in  the  long  intervals  since  their  depo- 
sition, deei)ening  the  valley  in  which  the  stream  meanders,  prob- 
ably to  the  extent  of  eight  or  ten  feet.  There  is  a  small  amonnt 
of  rock  cutting  in  the  valley  of  the  Little  Tnrkey  river,  beginning 
one^half  mile  above  Little  Turkey  post  oflSce  and  continuing  at 
intervals  to  where  the  stream  leaves  the  county.  This  feature  is 
most  marked  a  short  distance  east  of  the  center  of  section  25  in 
the  southern  part  of  Utica  township. 

In  other  parts  of  the  county,  as  already  indicated,  the  streams 
flow  in  broad  shallow  sags  in  the  drift  and  do  not  differ  from  the 
ordinary  valleys  of  the  lowan  plain.  A  number  of  branches  of 
the  Wapsipinicon  converge  in  the  southern  part  of  Dayton  town- 
ship, and  hence  there  is  here  an  unsually  large  area  of  low,  flat 
land,  some  of  it  showing  ponds,  and  all  of  it  imperfect  surface 
drainage.  There  are  here,  however,  as  usual  along  all  the 
streams,  extensive  valley  trains  of  Buchanan  gravel,  and  these 
afford  perfect  underdrainage  to  quite  a  large  part  of  the  area,  and 
render  its  cultivation  possible  even  in  the  wettest  of  seasons. 

DRAINAGE. 

The  great  number  of  streams  traversing  the  county  from 
northwest  to  southeast  and  dividing  the  surface  into  a  corre- 
spondingly large  number  of  long,  narrow  inter-stream  areas,  has 
been  previously  noticed.  The  Cedar  and  the  Little  Cedar  drain 
the  southwestern  part  of  the  county ;  the  wide  central  belt  extend- 
ing from  northwest  to  southeast,  is  effectively  drained  by  the 
numerous  branches  of  the  Wapsipinicon ;  while  Crane  creek  and 
the  Little  Tlirkey  river  carry  off  the  surplus  waters  from  the 
northeastern  area.  All  the  main  drainage  courses,  as  is  clearly  in- 
dicated by  the  general  presence  of  accompanying  valley  trains  of 
Buchanan  gravel,  were  outlined  as  early  as  the  melting  stage  of 
the  Kansan  ice ;  while  the  deep,  rock-cut  valleys  of  the  Cedar  and 
the  Little  Cedar  were  partially  or  wholly  developed  in  preglacial 
time. 

Altitudes. — The  following  table,  showing  the  relations  of  a 
number  of  the  more  important  points  in  the  county  to  sea  level,  is 
compiled  from  Gannett 's  Dictionary  of  Altitudes: 
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Alta  Vista 1 .155 

Devon 1,194 

New  Hampton 1 ,  155 

Fredericksburg 1,075 

Nashua 981 

Lawler 1,078 

Bassett 1,017 

An  examinatioii  of  the  table  reveals  the  interesting  fact  that 
though  the  direction  of  the  streams  is  toward  the  southeast,  the 
general  slope  of  the  county  is  toward  the  southwest.  Fredericks- 
burg, located  in  the  valley  of  a  branch  of  the  Wapsipinicon,  is  94 
feet  higher  than  Nashua,  almost  directly  west  of  it  in  the  valley 
of  the  Cedar ;  and  Lawler,  in  the  valley  of  Crane  creek,  is  61  feet 
higher  than  Bassett,  which  is  in  the  same  latitude  in  the  valley  of 
the  Little  Cedar.  The  high  points,  Devon  and  New  Hampton,  are 
located  on  one  of  the  long,  narrow  dividing  ridges. 

This  general  slope  of  the  surface  toward  the  southwest  is  not 
peculiar  to  Chickasaw  county,  it  is  characteristic  of  the  major 
part  of  all  northeastern  Iowa.  The  country  rises  toward  the 
northeast  until  the  high  points  within  a  few  miles  of  the  Missis- 
sippi river,  such  as  Iron  hill  near  Waukon,  attain  an  altitude  of 
1,300  feet  above  the  sea.  This  anomalous  behavior  of  the  streams 
in  flowing,  not  with  the  slope,  but  at  right  angles  to  it,  was  years 
ago  pointed  out  by  McGee  in  his  Pleistocene  History  of  Nortli- 
eastern  Iowa.* 

STRATIGRAPHY. 

SYNOPSIS. 

The  geological  formations  exposed  in  Chickasaw  county  are 
few  in  number.  They  are  limited  to  two  systems,  the  Devonian 
and  the  Pleistocene.  The  indurated  rocks  may  all  be  referred  to 
the  Cedar  Valley  stflige  of  the  Middle  Devonian,  series ;  the  sur- 
fidal  clays  and  soils  accessible  to  observation  belong  almost  ex- 
clusively to  the  Kansan  and  lowan  stages  of  the  Glacial  series. 
The  pre-Kansan  drift  exists,  without  much  doubt,  in  its  proper 
place  at  the  base  of  the  Pleistocene  deposits,  but  its  presence  is 
not  positively  known.    It  is  justly  inferred,  however,  from  the 

•  Eleventh  Ann.  Rep. ,  U.  S.  Gt-ol.  Surv. ,  pp.  368-365. 
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fact  that  a  forest  bed  is  encountered,  interstratified  with  glacial 
dei)06its>  in  drilling  deep  farm  wells  in  various  parts  of  the 
county. 

The  stratigraphic  relations  of  the  formations  which  are  open 
to  direct  investigation  in  Chickasaw  county,  may  be  conveniently 
indicated  in  tabular  form  as  follows : 


GROUP. 

SYSTEM . 

SERIES. 

STAGE. 

Cenozoic. 

Pleistocene. 

Glacial.^ 

lowan . 

Kansan . 

Paleozoic. 

Devonian . 

Middle  Devonian. 

Cedar  Valley. 

Devonian  System. 

Getieral  Discussion. So  far  as  known  the  Devonian  limestones 
underlie  the  Pleistocene  deposits  over  the  entire  region  now  under 
consideration.  Chickasaw  county,  however,  is  so  generally  and 
so  completely  covered  with  glacial  drift  that  rock  exposures  are 
very  few  in  number  and  very  widely  scattered.  There  is  one  very 
obscure  outcrop  of  Devonian  limestone  on  Crane  creek,  and  two 
or  three,  somewhat  more  satisfactory,  occur  on  the  Little  Turkey 
river  in  the  southeastern  part  of  Utica  township.  All  the  other 
outcrops  are  in  the  western  part  of  the  county,  and  the  most  im- 
portant of  these  are  confined  to  the  valleys  of  the  Cedar  and  the 
Little  Cedar  rivers.  In  seven  townships  out  of  the  twelve  there 
is  not  a  single  exposure  of  native  rocks  in  place,  and  over  almost 
the  whole  area  of  the  remaining  Hve,  the  surface  is  fertile  prairie 
with  the  native  Devonian  beds  concealed  by  deep  deposits  of 
drift. 

The  strata  exposed  in  the  county  range  from  the  horizon  of 
GypickUa  comis  and  Spirifer  pe/nnatiis,  the  equivalent  of  the 
quarry  beds  at  Independence,  to  the  horizon  of  the  yellow,  mag- 
nesian  limestones  which  lie  above  the  Acervularia  and  Stromato- 
pora  zones  and  form  the  uppermost  members  of  the  Devonian 
sections  in  Buchanan  and  Howard  counties.  The  beds  are  more 
or  less  magnesian  throughout  the  entire  section,  and  some  parts 
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of  the  section  are  so  completely  dolomitized  as  to  resemible  certain 
phases  of  the  Niagara  limestone  in  the  counties  of  Delaware  and 
Dubuque.  The  resemblance  to  the  Niagara  is  heightened  when, 
aa  occurs  in  a  quarry  nearly  opposite  the  mill  at  the  town  of 
Chickasaw,  the  heavy,  dolomitized  beds  include  great  numbers  of 
chert  nodules  and  are  separated  one  from  the  other  by  thick  bands 
of  cherts  In  nearly  all  the  exposures  of  the  Devonian  in  this 
county  the  limestone  is  soft,  earthy,  granular  and  non-crystallinc,^ 
and  vug-like  cavities  lined  with  calcite  are  common.  In  quarry- 
ing some  of  the  beds  the  lining  of  calcite  becomes  detached  from 
the  wall  of  the  cavity  in  which  it  was  deposited  and  furnishes  an 
example  of  a  thin-walled,  calcareous  geode. 

Typical  Exposures. —Gypidtda  comis  Beds,  the  lowest  beds 
recognized  in  the  county  are  seen  in  the  east  bluff  of  the  stream, 


PlO.  35.     Qaar  y  In  <*herty  dolomitic  btxls  at  tho  (w'ypidula  comis  horizon,  a  short  dintance 
aljove  the  bridge  at  Chickasaw. 

a  few  rods  above  the  wagon  bridge  at  Chickasaw  (Fig.  35  ). 
There  is  a  section  of  twenty-five  feet  here  exposed.  The  rock  is 
a  heavy  bedded  dolomite  which  is  much  broken  up  toward  the  sur- 
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face  on  aooonnt  of  weathering.  Lower  down  the  beds  are  inter- 
sected by  numerous  joints.  A  large  amoont  of  chert  in  streaks 
and  bands— the  chert  sometimes  included  in  the  layers,  in  some 
cases  occurring  as  partings  between  them~is  a  striking  feature 
of  this  section,  and  one  very  unusual  in  the  Devonian.  Lithologi* 
cally  and  otherwise  the  rocks  resemble  very  closely  many  expos- 
ures of  the  Niagara  in  Delaware,  Jones  and  Dubuque  counties. 
At  first  sight  it  seemed  scarcely  possible  that  such  rocks  could  be- 
long anywhere  except  in  the  Niagara ;  but,  while  fossils  are  absent 
from  most  of  the  beds  and  are  scarce  in  all  of  them,  it  was  found 
that  the  lower  ledge,  about  three  feet  in  thickness,  contained  many 
perfect  casts  of  Gypidula  comis  Owen,  and  Spvrifer  permaius 
Owen.  These  species  establish  the  Devonian  age  of  the  beds  be- 
yond i^aestion  and  make  it  possible  to  correlate  them  with  the 
beds  in  ihe  City  quarry  and  tiie  lower  part  of  the  O^Toole  quarry 
at  Independence.  The  differences,  however,  in  the  character  of 
the  stone  and  in  the  firmness  and  thickness  of  the  individual  lay- 
ers at  tho  two  points,  Chickasaw  and  Independence,  are  surpris- 
ingly great.  The  beds  described  above  crop  out  at  intervals  for 
sojne  distance  along  the  bluff,  .\lx;ve  and  below  the  quariy  shown 
in  figure  35,  and  they  have  been  cut  through  by  a  deep  ravine 
which  traverses  the  southeast  %  ^f  section  16,  a  short  distance 
north  of  the  quarry. 

On  the  west  side  of  the  river,  about  a  mile  above  the  bridge  at 
Chickasaw,  beds  of  about  the  same  horizon  as  those  in  the  Chick- 
asaw quarry  are  exposed  in  a  ravine,  near  the  level  of  the  water 
in  the  stream,  not  far  from  the  middle  of  the  north  line  of  the 
southwest  l^  of  section  16.  Quite  an  amount  of  building  stone 
ihas  been  taken  out  at  this  point  and  the  locality  is  known  as  the 
Huffman  quarry.  The  stone  is  magnesian,  but  is  not  so  perfectly 
dolomitized  as  at  Chickasaw.  The  layers  are  thinner  and  the  fos- 
sils, instead  of  occurring  as  mere  oasts,  have  the  shells  preserved. 
The  finely  striated  Independence  type  of  Atrypa  reticvlaris  is 
common,  and  there  are  some  specimens  of  Spirifer  permaius,  a 
form  always  associated  with  the  preceding  at  the  typical  outcrops 
in  Buchanan  county. 

Atrypa  occidentalis  Beds.  Beds  a  little  higher  in  the  geologic 
column  than  those  described  in  the  preceding  paragraphs,  are 
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seen  in  the  old  Bishop  quarry  (Fig.  36),  in  the  northeast  l^  of  sec- 
tion 16,  Chickasaw  township.  The  stone,  as  usual  in  this  part  of 
Iowa,  is  highly  magnesian  and  lies  in  thin,  eiven  layers  which  may 
be  quarried  in  flagstone-like  pieces  two  to  six  inches  in  thickness. 
Thence  are  numerous  cavities  lined  with  calcite,  and  some  very 


FlO.  86.     Th*»  old  Bishop  quarry  at  the  horizon  of  A  try  pa  occidentalis.     Tlic  Acervularia 
heda  are  ween  at  thi*  top  of  the  stfotion. 

perfect  and  symmetrical  calcareous  geodes  may  be  obtained  as  a 
result  of  the  separation  of  the  calcite  lining  from  the  walls  of  the 
cavities.  The  fossils  are  of  the  types  found  toward  the  upper 
part  of  the  quarries  at  Independence,  and  include  along  with 
Atrypa  reticularis  and  Spirifer  pennatus,  such  forms  as  OrtJiis 
iowensis  and  Hall's  occidental  variety  of  Atrypa  aspera.  The 
beds  are  cut  by  oblique,  parallel  joints,  shown  in  figure  36,  and 
along  the  joints  the  fossils  are  often  well  exposed  by  solution  and 
removal  of  the  matrix. 

Acervularia  profunda  Bcds^  This  zone  occurs  at  the  top  of 
the  Bishop  quarry  as  it  does  in  most  of  the  quarries  at  Independ- 
ence, overlying  the  Atrypa  and  Spirifer  pennaius  zones.  Besides 
the  typical  spedes,  Acervularia  profunda,  this  zone  contains  Cys- 
HphyUwm  americanum,  Favosites  alpenensis,  Cladopora  prolifeni 
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and  a  number  of  the  coarse  stromatoporoidB  which  are  associated 
with  these  si)ecies  ait  the  some  geological  horizon  at  Littleton  in 
Buchanan  county.  Here,  as  at  Littleton,  the  A.  profwnda  shows  a 
conspicuous  tendency  to  independent  growth  of  the  corrallites. 
The  quarry  exposes  a  section  twenty  feet  in  thickness.  The  upper 
two  and  a  half  feet  are  occupied  by  the  Aoervularia  zone,  which 
in  places  is  crowded  with  the  corals  and  stromatoporoids  men- 
tioned. Some  of  the  stromatoporoids,  weathered  to  show  per- 
fectly the  concentric,  laminated!  structure,  are  more  than  a  foot 
in  diameter. 

The  beds  immediately  below  the  Acervularia  and  stromatopo- 
roid  horizon  are  quarried  and  burned  for  lime  in  the  town  of 
Chickasaw,  at  a  point  thirty-five  feet  higher  than  the  base  of  the 
quarry  in  the  river  bluflF  near  the  mill.  The  Acervularia  zone  is 
included  in  the  stripping.  The  corals  are  large  and  coarse. 
Stromatoporoids  are  most  common ;  but  Acervularia,  Cystiphyl- 
lum,  Zaphrentis,  Cyathophyllum,  and  a  form  that  is  probbaly 
Craspedophyllum  are  also  present.  The  corals  are  all  more  or 
less  silicified,  and  the  entire  zone  is  useless  for  lime  burning. 

The  Acervularia  horizon,  noted  above,  is  indicated  in  the  pits 
made  for  the  foundations  of  the  new  railway  bridge  at  Nashua. 
Among  other  species  recognized  in  the  loose  materials  thrown  out 
in  making  the  excavations  were  Acervularia  profwida,  Stropheo- 
donta  demissa  and  Orthis  imrensis.  Below  the  Greenwood  mill, 
one  mile  northeast  of  Nashua,  loose  fragments  of  rock  evidently 
washed  out  of  the  river  bed  by  the  plunge  of  water  over  the  dam, 
contained  a  number  of  stromatoporoids  besides  Acervularia  pro- 
fu/nda,  Craspedophyllumi  strictum,  Atrypa  reticularis,  A,  aspera, 
and  other  types  belonging  to  the  horizon  of  the  quarries  at  Chick- 
asaw. The  beds  which  at  Chickasaw  are  at  least  thirty-five  feet 
above  the  river,  are  at  Nashua  and  Greenwood  mills  below  the 
level  of  the  water.  The  slope  of  the  valley,  ascertained  by  com- 
paring the  altitude  of  Nashua  with  that  of  Bassett,  is  about  four 
and  one-half  feet  to  the  mile.  From  Chickasaw  to  Nashua  the  fall 
should  be  about  twenty-seven  feet.  Between  tliese  two  pvoints  the 
Acervularia  zone  ha®  descended  from  at  least  thirty-five  feet 
above,  to  five  feet  below  the  level  of  the  water,  making  a  total  dip 
to  the  strata  of  about  eleven  feet  to  the  mile. 
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Spirifer  parry  anus  Beds.  Above  the  mill  dam-  at  Nashua  there 
are  exi>OBures  in  the  right  bank  of  the  Cedar  river  shoiwing  a  sec- 
tion twenty-five  feet  in  thickness.  The  layers  are  not  all  well 
exposed,  bnt  so  far  as  they  could  be  observed  they  are  soft,  earthy 
dolomite.  The  lower  part  of  the  section  is  quite  barren  of  fossils, 
but  twenty  feet  above  the  level  of  the  water  there  are  a  few  layers 
rich  in  casts  of  Spirifer  parryamis  Hall.  At  Littleton^  Iowa,  the 
S.  parrytrnMs  horizon  is  not  more  than  five  or  six  feet  above  the 
Acerv^Aa^ria  profunda  beds;  at  Nashua  the  two  horizons  are  sep- 
arated by  more  than  twenty  feet  of  comparatively  barren  strata. 
'WSule  in  the  river  bluff  at  Nashua  the  fossils  appear  only  as 
casts,  there  is  evidence  that  non-dolomitized)  beds  of  this  horizon 
must  outcrop  somewhere  in  the  neighborhood'.  In  making,  a  small 
culvert  in  one  of  the  streets  of  the  city,  slabs  of  a  comparatively 
pure  limestone  were  used,  in  which  the  crowded  shells  of  Spirifer 
parryanus  aire  perfectly  preserved.  Information  as  to  where  tiie 
stone  came  from  could  not  be  obtained;  but  great  variations  in 
the  lithological  characteristics  of  any  given  stratum,  within  very 
short  distances,  are  by  no  means  unusual.  The  S.  parrycmus  beds 
descend  to  the  level  of  the  water  at  Pearl  Rock,  three  miles  south 
of  Nashua,  the  dip  south  of  the  city  being  essentially  the  same  as 
that  from  the  nortii,  eleven  or  twelve  feet  to  the  mile. 

Idiostroma  Beds.  In  a  ravine  a  short  distance  nortii  and  west 
of  the  Thomas  school  house,  in  the  southeast  14  ^^  section  30, 
Bradford  township,  there  are  two  parallel  ridges  or  reefs  of  the 
coarse-stemmed  Idiostroma  which  occurs  from  ten  to  fifteen  feet 
above  the  Spirifer  parryanus  horizon  in  Johnson  county.  These 
reefs  are  curiously  local  affairs.  Each  one  is  only  thirty  or  forty 
feet  in  width,  thickened  in  the  middle  and  thinning  out  at  the 
edges.  They  are  about  twenty  yards  apart,  and  their  trend  is 
northwest-southeast.  They  are  underlain  and  overlain  by  soft, 
earthy  dolomite,  the  overlying  beds  arching  over  the  ridges,  dip- 
ping in  between  them,  and  coming  on  each  side  in  contact  with  the 
underlying  beds.  They  seem  to  be  simply  elongated  lenses  of 
reef  material  with  no  very  great  extension  in  any  direction.  On 
the  west  side  of  the  ravine,  a  littie  below  the  point  where  the  reefs 
occur,  there  ia  a  goodi  section  which  includes  both  the  underlying 
and  the  overlying  beds,  but  it  shows  no  trace  whatever  of  the 
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Idiostroma  mAteiial.  The  whole  body  of  the  reefs  has  been 
altered  more  or  less  to  a  very  hard,  light-colored,  siliceous  dolo- 
mite, very  diffeiient  in  texture,  color  and  composition  from  the 
soft,  granular  beds  prevailing  in  this  vicinity.  The  surface  of 
the  tangled  mass  of  Idiostroma  stems  is  covered  in  places  with  a 
thin  coating  of  quartz,  and  in  the  more  compact  portions  of  the 
mass,  minute  quartz  crystals  line  the  surface  of  cavities  from 
which  fossils  have  been  dissolved.  In  addition  to  the  Idiostroma, 
which  is  the  common  and  typical  fossil,  there  are  occasional  speci- 
mens of  Acervvlaria  davidsoni.  A  Favosites,  probably  F.  (d- 
penensis,  occurs  more  frequently.  Euomphalus  cyclostomvs 
Hall,  a  form  always  associated  with  Idiostroma  in  Johnson 
county,  and  a  slender  Orthoceras  six  or  eight  inches  long,  are 
among  the  other  observed  fossils.  The  great  alterations  which 
the  reef  material  has  undergone,  has  made  specific  identification 
of  the  unsatisfactory  casts  by  which  fossils  are  mainly  repre- 
sented, in  some  cases  practically  impossible.  While  these  local 
ridges  of  Idiostroma  and  associated  fossils  are  in  their  proper 
stratigraphic  relations  to  the  other  known  life  zones  of  the  Devon- 
ian, it  is  quite  evident  that  this  particular  area  was  never  occu- 
pied by  a  living  Idiostroma  reef  such  as  once  covered  the  r^on 
now  known  as  Johnson  county.  Such  reef  material  does  not  ap- 
pear anywhere  else  in  Chickasaw  county,  although  there  are 
many  sections,  some,  as  noted  above,  within  even  a  few  rods  of 
the  locality  described,  which  embrace  strata  from  geologic  levels 
both  above  and  below  the  reef  horizon.  At  present  there  is  no 
known  point  nearer  than  the  northern  part  of  Johnson  county 
where  this  peculiar  stromatoporoid  on  a  reef-making  scale 
flourished  in  place.  The  very  limited  extent  of  the  Idiostroma 
lenses,  their  relations  to  the  regular  sediments  of  the  region,  and 
their  lithological  differences  from  the  local  strata,  all  suggest 
that  the  relatively  small  amount  of  material  they  represent  was 
brought  here  from  probably  long  distance  by  some  marine  agent 
of  transportation. 

Lithographic  Beds.  At  Iowa  City  there  are  beds  of  fine- 
grained, light-gray  lithographic  limestone  beginning  a  few  feet 
above  the  Idiostroma  horizon.  Similar  beds  have  been  noted  in 
this  volume  above  the  equivalent  of  the  Acervxdaria  davidsoni 
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TODB  in  Howard  oonnty.  They  oocar  in  the  same  geological  posi- 
tion at  nomeroiis  other  points  in  Iowa.  They  are  present  cm  the 
hill  tops  about  Nariuia  in  Chidcasaw  eonnty.  There  are  no  sec- 
tions in  this  county  that  show  the  lithographic  beds  well,  hot 
some  weathered  led^sin  placeaod  nnmerons  loose  fragments  may 
he  seen  on  tlie  high  points  in  the  roads  leading  north  and  south 
from  Nashua. 

Intermediate  Beds,  To  horizons  somewhere  between  the  Spiri- 
fer  parryanus,  and  the  lithographic  beds  shonld  be  referred  the 
exposures  in  the  northern  half  of  Deerfield  township.  The  entire 
absence  of  fossils  here  makes  exact  correlations  difficult,  but  the 
lithol(^cal  resemblance  of  the  beds  to  the  thin  layers  in  the 
upper  i)art  of  the  Croft  quarry  at  Ehna  in  Howard  county, 
coupled  with  the  fact  that  the  Deerfield  exposures  are  distant 
from  Elma  only  a  few  miles,  would  justify  the  reference  of  these 
beds  to  the  horizon  of  the  upper  part  of  the  Elma  quarries,  or  to 
one  slightiy  higher.  As  a  matter  of  fact  beds  corresponding  to 
those  in  the  upper  part  of  the  Elma  quarries  have  been  worked 
four  miles  southwest  of  Elma,  within  less  than  two  miles  of  some 
of  the  exposures  in  Deerfield  township,  Chickasaw  county.  By 
reference  to  the  Howard  county  report  it  will  be  noted  that  the 
Spirifer  parryanus  zone  is  present  in  the  bottom  of  the  Croft 
quarry,  and  hence  the  beds  in  question  lie  between  this  zone  and 
the  horizon  of  the  Uthographic  limestone. 

In  the  southeast  %  of  section  3,  Deerfield  township  (Tp.  96  N., 
B.  XIV  W.),  on  land  belonging  to  Edward  Brown,  stone  has  been 
quarried  somewhat  extensively  to  meet  the  local  demand.  The 
beds  are  thin,  yellowish,  argillaceous,  and  without  fossils. 
Toward  the  bottom  of  the  quarry  the  bedding  is  quite  irr^ular, 
and  below  the  bottom  as  it  appears  at  present,  from  a  pit  now 
filled  with  mud,  there  were  formerly  quarried  a  few  leches  of 
hard  limestone,  six  to  eight  inches  in  thickness.  There  are  here 
two  openings  a  short  distance  apart  In  both  there  is  quite  a 
strong  dip  toward  the  southwest  In  the  cme  farthest  east  the  f oU 
lowing  section  may  be  made  out : 
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7.  Black  loam  mixed  with  weathered  fragments  of 
limestone 2 

6.  Thin-bedded,  earthy  limestone,  badly  weathered, 
becoming  thicker  toward  the  west  end  of  the 
quarry 3 

5.     Band  of    harder,  purer,   drab-colored,   crystalline 

limestone  which  is  not  affected  by  weathering % 

4.  Thin- bedded  zone  which  disintegrates  into  a  light 
yellow, marly  clay  mixe d  with  concretionary  nodules  2 

3.  Thin,  laminated,  argillaceous  beds,  yellow  in  color, 
containing  some  fine  siliceous  grit 4 

2.  Harder,  dark  gray  beds  which  now  form  the  floor  of 
the  quarry,  layers  six  to  ten  inches  in  thickness, 
dipping  southwest,  upper  surface  irregular  and 
uneven 2 

1.  Heavy,  hard  beds,  not  now  exposed,  but  were 
formerly  qurried  over  a  small  area 3 

A  few  rods  to  the  southwest  is  the  second  opening  which  in- 
cludes the  same  beds  as  the  qUarry  just  described,  and  shows  in 
addition  some  firm  beds  of  good  quality  above  No.  6  of  the  pre- 
ceding section.  A  mile  and  a  half  north  of  the  Brown  quarry, 
near  the  middle  of  the  south  line  of  section  27,  Tp.  97  K,  B.  XW 
W.,  on  land  of  John  W.  Kane,  there  is  a  quarry  which  shows  a 
series  of  beds  probably  equivalent  to  those  above  No.  6  in  the 
second  opening  on  the  land  of  Mr.  Brown.  Some  of  the  layers 
are  hard,  bluish  in  color,  and  from  two  and  a  half  to  three  inches 
in  thickness.  In  general  the  beds  are  thin,  but  toward  the  bottom 
of  the  exposed  section  there  are  some  four-inch  courses  which, 
may  be  made  to  serve  a  good  purpose  for  such  masonry  as  the 
neighborhood  requires.  Two  miles  farther  north,  near  the  mid- 
dle of  the  north  line  of  section  22  of  the  same  range  and  township, 
the  Tiemey  quarry  is  opened  in  a  knoVlike,  stony  point.  The 
stone  is  the  same  as  at  the  Kane  quarry.  Verj^  little  work  has 
been  done  here  in  recent  years. 

To  the  same  horizon  as  the  exposures  in  Deerfield  township, 
should  ]>robably  be  referred  the  two  quarries  which  have  been 
opened  in  section  4,  Chickasaw  township.  One  of  these  is  in  the 
northeast,  and  the  other  in  the  northwest  14  ^f  the  section.  The 
greatest  amount  of  work  has  been  done  in  the  northeast  quarry. 
As  usnal  at  this  horizon,  in  this  part  of  the  state,  the  beds  are 
thin.    They  are  quite  magnesian,  but  not  truly  dolomitic.  Toward 
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the  bottom  tho  layers  are  thicker  and  stone  of  fair  quality  may  be 
obtained.  The  strata  are  here  cut  by  two  systems  of  joints  trend- 
ing nearly  east-west  and  north-south.  As  in  all  the  ntiagneeian 
beds  of  the  region^  there  are  some  cavities  lined  with  calcite. 

The  exposures  so  far  discussed  under  the  head  of  Intermediate 
Beds,  are  all  on  high  ground  as  compared  with  those  in  the  river 
valley  at  Chickasaw  and  farther  south,  but  at  an  altitude  from 
thirty  to  forty  feet  above  the  level  of  the  river,  in  the  southeast 
^  of  section  20,  Bradford  township,  there  are  two  openings  be- 
longing to  the  Intermediate  Beds.  These  probably  lie  a  little 
below  tile  floor  of  the  Brown  and  Kane  quarries  in  Deerfield  town- 
ship. One  of  these  openings  is  shown  in  figure  34.  The  beds  are 
thin  in  the  upper  part  of  the  exposure,  but  there  are  some  heavier 
ledges  near  the  base.  All  the  layers  are  more  or  less  magnesian. 
Formerly  these  quarries  were  regularly  worked,  and  some  of  the 
firmer  and  purer  beds  were  burned  into  lime,  but  no  work  has 
been  done  here  in  recent  years.  What  is  known  as  the  Allen 
quarry,  two  and  three-fourths  miles  northwest  of  Nashua  in 
Floyd!  county,  is  operated  in  these  same  beds,  and'  from  this  the 
following  detailed  section  is  obtained : 

T&BT. 

6.    Thin-bedded  limestone,  the  courses  varying  from 
one  to  five  inches  in  thickness,  some  layers  soft 

and  granular,  others  hard  and  fine-grained 8 

5.     Some  firmer  courses,  six  inches  in  thickness 2% 

4.    An  eight  inch  ledge  of  good  building  stone % 

3.     A  firm  fourteen  inch  ledge V/e 

2.     A  twelve  inch  ledge 1 

1 .     Heavy  stone  suitable  for  bridge  work 13^ 

The  order  of  succession  is  partly  obscured  by  waste  and  weath- 
ering in  the  quarries  in  section  20  east  of  Nashua,  but  so  far  as  it 
could  be  determined  it  is  identical  with  that  in  the  Allen  quarr5^ 
There  are  few  recognizable  fossils  at  either  of  these  points,  the 
only  forms  seen  were  casts  of  Atrypa  reticularis  in  the  lower 
heavy  ledges.  Stone  of  the  fine-grained,  lithographic  type  crops 
out  in  the  road  about  half  way  between  Nashua  and  the  Allen 
quarry. 

The  Upper,  Yellow,  Magnesian  Beds.  In  the  northwest  comer 
of  the  town  plat  of  Nashua,  there  are  heavy,  dolomitic  layers  above 
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the  level  of  the  lithographio  stone  seen  in  the  road  a  short  dis- 
tance to  the  northwest.  This  is  evidently  the  equivalent  of  the 
thick,  magnesian  layers  in  the  upper  part  of  the  Salisbury  quarry 
and  the  other  quarries  about  Vernon  Springs  and  Ctesco,  de- 
scribed in  the  report  on  Howard  county,  the  equivalent  also  of 
the  yellow  magnesian  beds  quarried  in  the  river  bluffs  above  Lit- 
tleton in  Buchanan  county,  and  of  the  beds  quarried  near  Ray- 
mond in  Blackhawk. 

These  beds  are  not  well  developed  in  the  western  part  of  Chick- 
asaw, but  they  are  seen  to  fairly  good  advantage  on  the  other  side 
of  the  county.  The  best  and  practically  the  only  section  in  this 
region  occurs  in  the  west  bluff  of  the  Little  Cedar  river,  near  the 
center  of  section  25  in  the  southern  part  of  Utica  township. 
There  is  here  a  sectioii  ranging  from  fifteen  to  twenty  feet  in 
thickness.  The  rock  is  checked  by  numerous  joints,  the  thickness 
of  the  beds  varies  from  six  or  eight,  to  twenty  inches,  or  even 
more.  The  rock  is  soft,  yellow,  magnesian,  but  durable  and  capa- 
ble of  affording  a  fair  quality  of  ashlar  and  dimension  stone.  It 
has  the  concretionary  or  concentric  iron  staining  of  the  corre- 
sponding beds  in  eastern  Howard  county,*  and  there  are  the  same 
vug-like  cavities  with  calcite  lining  Some  impressions  of  coarse- 
ribbed  Atrypas  occur  in  some  of  the  beds  near  the  top  of  the  sec- 
tion. At  the  bridge  a  short  distance  west  of  Little  Turkey  post- 
office  the  same  beds  are  exposed,  and  there  are  other  exposures 
one-fourth  of  a  mile  above  the  bridge.  Only  one  exposure  was 
noted  on  Crane  creek,  and  that  was  in  the  northwest  Vl  ^  the 
northwest  l^  of  section  13,  Jacksonville  township.  Weathered 
fragments  of  a  soft,  magnesian  limestone  were  all  that  could  be 
seen.  It  is  probable,  however,  that  the  horizon  is  the  same  as  that 
of  the  beds  on  the  Little  Turkey  in  Utica  township. 

GENERAL  DEVONIAN  SECTION. 

The  probable  thickness  of  the  several  members  of  the  Devonian 
section  in  Chickasaw  county  may  be  expressed  as  follows: 
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7 .  Upper  magnesian  beds SO 

6.  Lithographic  beds 10 

5.  Intermediate  beds 25 

4 .  Idiostroma  beds 5 

3.  ParryaDus  beds,  and  down  to  next  division 25 

2 .  Acervularia  beds 5 

1.  Gypidula,    and   Atrypa   beds,   up  to   Aciervularia 

zone 45 

Pleistocene  System. 

KANSAN  STAGE. 

Kansan  Drift.— Tliere  is  reason  to  believe  that  the  Kansan  drift 
underlies  the  whole  of  Chickasaw  county.  It  has  been  almost 
completely  covered  by  the  later  drift  of  the  lowan  stage,  but  In 
the  rain-cut  gullies  by  the  roadsides  it  is  revealed  at  many  widely 
separated  localities.  It  is  shown  in  scores  of  well  sections,  and 
the  new  work  on  the  Great  Western  railway  has  led  to  the  making 
of  many  cuts  in  which  the  Kansan  appears.  The  new  railway 
cuts  southeast  of  New  Hampton  all  show  the  relation  of  the  blue 
Kansan  till  to  the  overlying  yellow  lowan.  In  one  of  the  cuts 
about  two  miles  from  New  Hampton  the  stratified  sands  and 
gravels  of  the  Buchanan  substage  lie  between  the  lowan  and  the 
Kansan.  In  some  places  the  yellow  lowan  till  rests  on  undis- 
turbed rusty  gravels,  and  the  line  of  separation  is  sharply  de- 
fined; in  other  places  the  gravel  has  been  worked  up  into  the 
lowan,  in  which  case  it  is  not  easy  to  recognize  the  exact  limits 
of  the  two  formations.  In  general  the  unweathered  Kansan  is 
blue  in  color.  It  is  also  quite  calcareous.  There  are  many  lime- 
stone pebbles  embedded  in  the  till,  but  greenstone  fragments  are 
more  common.  There  are  places,  however,  in  the  fresh  railway 
cuts  where  the  Kansan  is  almost  black  owing  to  the  presence  of  a 
large  amount  of  organic  matter.  Splintered  fragments  of 
branches  and  trunks  of  trees  are  conspicuous  in  most  fresh  sec- 
tions, the  remains  of  forests  that  occupied  the  state  during  the 
Aftonian  interglacial  interval,  and  were  overwhelmed,  broken, 
rolled',  crushed  and  worked  up  into  the  subglacial  till  by  the  ad- 
vancing glaciers  of  the  Kansan  stage.  The  exposed  surface  of 
the  Kansan  was  weathered,  leached,  oxidized  and  reddened  dur- 
ing the  intervals  between  the  withdrawal  of  the  Kansan  ice  and 
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the  advent  of  the  lowan.  The  roadside  cuts  show  a  ntunber  of 
plaoes  where  the  material  of  this  leaohedi  and  reddened  ferretto 
zone  has  been  worked  into  the  lowan  till  in  such  a  way  as  to  make 
the  drawing  of  a  sharp  line  of  division  imiK>ssible.  The  fresh, 
unmixed  lowan  is  quite  calcareous,  the  Kansan  ferretto  is  com- 
pletely leached,  the  mixture  of  ferretto  and  lowan  responds 
feebly  to  the  add  test. 

While  the  Kansan  drift  was  exposed  to  meteorologic  agencies 
in  the  intervals  between  the  close  of  the  Kansan  stage  and  the 
beginning  of  the  lowan,  the  surf  aice  was  at  times  washed  and 
beaten  by  rains  and  at  other  times  was  affected  by  winds  in  such 
a  way  as  to  remove  quite  an  amount  of  the  fine  surface  clay,  leav- 
ing the  contained  pebbles  and  cobble  stones  as  a  sheet  of  gravel 
of  varying  thickness,  conforming  to  all  the  inequalities  of  tiie 
eroded  surface.  This  fact  is  discussed  in  the  reports  on  Page. 
Howai'd  and  Tama  counties.  West  of  Devon  in  Chickasaw 
county  the  Iowa  drift  is  thin.  The  old  surface  of  the  Kansan  was 
not  greatly  disturbed  by  the  action  of  the  lowan  glaciers.  The 
weathered  ferretto  zone  of  the  oldfer  drift  and  the  more  or  less 
perfect  sheet  of  residual  or  concentrated  gravels  which  covered 
the  old  pre-Iowan  surface,  are  shown  in  the  roadway,  or  in  the 
deeper  trenches  by  the  side  of  the  road,  between  Devon  and  North 
Washington. 

Buchammi  Gravels.— Th^  great  sheets  and  trains  of  gravel 
which  were  deposited  as  outwash  at  the  time  the  Kansan  ice  was 
melting  and  gradually  withdrawing  from  this  part  of  Iowa,  are 
very  generally  distributed.  Like  the  surface  of  the  exposed  till, 
these  deposits  suffered  from  the  effects  of  weathering  during  the 
very  long  intervals  preceding  the  coming  of  the  Iowa  glaciers  and 
the  distribution  of  the  lowan  till.  The  gravels  are  red  and  rusty, 
and  all  feldspar-bearing  fragments  of  the  transported  rockis  are 
rotted,  decayed,  disintegrated.  As  in  Howard,  Buchanan  and 
other  counties  in  northeastern  Iowa,  there  are  here  two  phases  of 
the  gravels,  the  upland  phase  and  the  valley  phase.  In  the 
upland  phase,  which  occurs  on  the  higher  areas,  the  beds  are  quite 
heterogenous  in  that  they  are  composed  of  fine  sand,  i)ebbles,  cob- 
bles, and!  small  bowlders  ranging  up  to  a  foot  in  diameter.  The 
valley  phase  is  made  up  mostly  of  small  polished  quartz  pebbles. 
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with  little  or  no  sand,  and  without  the  larger  cobbles  and 
bowlders.  The  mode  of  origin  and  deposition  of  the  two  types  of 
gravel  deposits  is  disoussed  in  the  report  on  Howard  county. 

A  number  of  deposits  of  very  typical,  ferruginous,  upland 
gravels  occur  in  and!  around  New  Hampton.  The  foundation  for 
the  extension  of  the  German  Catholic  church  was  excavated  in 
such  gravels.  A  very  characteristic  bed  is  seen  at  the  creamery,, 
one-fourth  of  a  mile  south  of  the  Great  Western  railway  station. 
The  gravels  are  very  deeply  stained  with  iron  rust,  the  iron  con- 
stituents being  completely  oxidized.  Some  parts  of  the  beds  are 
wholly  or  partially  cemented  into  a  conglomerate  by  the  re-depo- 
sition of  the  ferric  oxide,  and  there  are  many  hollow  clay  iron- 
stones, the  result  of  secondary  concretionary  processes.  There 
are  the  usual  decayed  granites  and  other  feldspathic  rocks  ready 
to  crumble  to  minute  fragments  when  removed  from  their  sur- 
roundings, and  there  are  also  some  hard,  undecayed  cobblestones 
which  retain  the  glacial  striae.  The  bed  was  cut  through  in  grad- 
ing for  the  railway,  and  a  section  ten  feet  in  thickness  is  exposed. 
Less  than  one-half  mile  farther  south  the  railway  has  cut  through 
another  and  more  extensive  bed  of  the  same  oxidized  gravels  in 
wftiich  are  found  all  the  charactistics  of  the  upland  phase.  At 
this  point  the  deiK>sit  forms  an  esker-like  ridge,  and  east  of  the 
railroad  there  is  a  very  large  pit  from  which  material  has  been 
taken  and  used  in  the  improvement  of  the  adjacent  streets  and 
roads.  It  is  almost  universally  the  case  throughout  northeastern 
Iowa  that  the  lower  part  of  deposits  of  upland  gravels  is  made  up 
of  cross-bedded  sands,  while  the  coarser  materials— the  pebbles, 
cobbles  and  bowlders— are  found  only  in  the  upper  part  of  the 
section.  This  feature  is  very  strikingly  illustrated  in  the  pit  last 
mentioned.  There  is  another  large  gravel  pit  at  New  Hampton 
two  or  three  hundred  yards  west  of  the  railway  and  south  of  the 
creamery.  There  is  not  the  usual  amount  of  coarse  material  in 
the  upper  part  of  this  exposure;  erosion  may  have  carried  it 
away ;  the  excessive  staining  of  the  sand  in  the  pit  would  indicate 
that  such  material  had  once  been  present  in  its  ordinary  position, 
for  pure  quartz  sand  could  not  furnish  anything  which,  Ijy  oxida- 
tion, would  give  rise  to  ferruginous  stains.  At  this  point  there 
is  no  lowan  drift  overlying  the  deposit. 

19  a  Rep 
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Two  miles  southeast  of  New  Hampton  there  are  some  new  cuts 
i^ch  show  a  comparatively  thin  sheet  of  Buchanan  gravels 
lying  between  beds  of  blue  Kansan,  and  yellow  lowan  drift.  At 
one  point  the  lowan  till  arches^  over  a  low,  narrow  ridge  of  the 
gravels.  Farther  on,  the  Buchanan  dteposit  becomes  thicker,  and 
the  bottom  of  the  cut,  occupied  by  the  sandy  phase  of  the  forma- 
tion, is  above  the  surface  of  the  Kansan  drift. 

It  is  not  necessary,  nor  would  it  be  profitable,  to  mention  all 
the  obser\^ed  exposures  of  the  upland  gravels.  From  descriptions 
already  given  any  one  interested  will  be  able  to  recognize  these 
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Exposure  of  the  upland  phase  of  the  Buchanan  gravels  at  the  north  end  of 
Brasher  street,  Nashua. 


beds  at  sight.  For  the  purpose  merely  of  indicating  their  gen- 
eral  distribution,  reference  may  be  made  to  a  typical  section  iii'  a 
rood  cut,  on  the  west  side  of  the  southwest  14  ^^  the  southwest  Va 
of  section  3,  Fredmcksburg  township,  and  to  another  near  the 
opposite  comer  of  the  county,  in  the  southeast  ^^  of  the  southeast 
^  of  section  21,  in  the  northern  part  of  Deerfield  township, 
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within  less  than  a  mile  of  the  Howard  x^niniy  line.  Anotiier 
exoellent  example  occurs  in  a  cut  made  for  the  wagon  road 
through  a  high  ridge  near  the  southeast  comer  of  the  northeast 
%  of  section  9,  Chickasaw  township.  This  is  probably  the  thiok- 
est  deposit  of  the  gravels  found  in  the  county.  Near  the  bottom 
of  the  hill  there  are  a  number  of  small  springs  and  seeps,  pre- 
sumably at  the  line  of  contact  of  the  gravels  with  the  underlying 
Kansan  clay.  On  the  upland  one-half  mile  east  of  Chickasaw 
there  is  a  pit  deserving  notice  for  the  reason  that  f rom>  it  has  been 
taken  the  material  for  making  one  of  the  best  pieces  of  road  in 
the  county,  that  between  Ionia  and  Chickasaw.  An  exposure  of 
the  upland  type  of  gravels  is  seen  in  an  unusual  position  at  the 
north  end  of  Brasher  street  in  the  city  of  Nashua  (Fig.  27).  The 
bed  occurs  only  a  few  feet  above  the  level  of  the  Cedar  river,  and 
yet  it  shows  none  of  the  characteristics  of  the  valley  phase  of 
these  deposits. 

The  valley  gravels  are  so  universally  distributed  along  all 
streams  that  it  seems  scarcely  necessary  to  do  more  in  discussing 
thj&ir  distribution  than  simply  to  mention  the  faoi  There  are 
extensive  deposits  about  Lawler.  Farther  up  Crane  creek  the 
vajlley  gravels  take  the  form  of  fairly  well  defined  terraces,  as 
near  Jerico  in  Jacksonville  township.  Along  the  Little  Cedar 
from  above  Bassett  to  Bradford  there  is  an  almost  continuous 
sheet  of  gravel  covering  the  bottom  of  the  valley.  The  broad  bot- 
tom lands  through  which  the  converging  branches  of  the  Wapsi- 
pinicon  flow  in  Dayton  township,  are  underlain  with  gravel  which 
affords  perfect  underdrainage  to  what  would  otherwise  be  wet 
and  swampy  land.  It  will  be  sufficient  to  say  that  every  stream 
course  of  any  consequence  has  its  valley  trains,  and  that- no  part 
of  the  county  is  far  removed  from  an  abundance  of  the  best  possi- 
ble materials  for  the  improvement  of  the  country  roads. 

low  AN    STAGE. 

lowcm  Drift. — ^With  the  exception  of  some  sand^r  hills  along  the 
Little  Cedar  river,  west  and  southwest  of  Chickasaw,  the  lowan 
drift  is  spread  as  a  practically  continuous  mantle  over  the  entire 
county.  In  many  places  this  mantle  is  very  thin,  and  in  no  place 
is  it  known  to  attain  a  very  great  thickness.     The  yellow  cai- 
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careous  clay  of  the  lowan  is  readily  distinguished  from  the  blue 
clay  of  the  fresh,  unweathered  Kansan,  and  it  is  not  likely  to  be 
confused  with  the  red  or  brown  weathered  and  oxidized  zone  of 
the  older  till.  For  facts  bearing  on  questions  of  the  relative  age 
of  the  two  deposits,  see  the  report  on  Howard  county.  The  lowan 
drift  is  not  so  pebbly  as  the  Kansan.  Its  transported  rocks  take 
the  form  of  large  bowlders,  very  much  larger  on  an  average  than 
anything  appearing  in  the  Kansan.  Furthermore,  these  bowlders 
are  coarse  granites  of  types  altogether  unknown  in  the  older  drift. 
Chickasaw  county  has  been  favored!  with  an  unusual  number  of 


Fro.  88.     Typical  field  of  lowan  bowlders  in  the  southwest  quarter  of  sec:  ion  18, 
Dresden  townshi p . 

these  erratic  masses  of  granite  (Fig.  38  ).  It  is  doubtful  whether 
any  other  county  in  Iowa  is  so  well  supplied.  The  value  and 
amount  of  the  high  grade  building  stone  which  the  lowan  glaciers 
carried  from  the  north  and  deposited  in  this  county  aire  well  nigli 
incalculable.  There  is  an  unusual  area,  small  in  size,  about  a 
mile  and  a  half  south  of  Bassett,  in  the  southeast  ^/4  of  section  17, 
Chickasaw  township,  where  the  surface  is  sprinkled  with  bowlders 
a  foot  or  two  in  diameter,  in  a  way  resembling  some  portions  of 
New  England  or  New  York  (Pig.  39  ) .  But  in  general  the  rocks 
transported  by  the  lowan  ice  were  brought  in  large  masses,  ten, 
fifteen  or  twenty  feet  in  diameter.    While  in  the  aggregate,  there- 
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fore,  the  mass  is  veiy  great,  almost  beyond  computation,  the  indi- 
vidual bowlders  are  rarely  so  numerous  as  seriously  to  encum,ber 
the  surface.    The  largest  of  tlie  many  large  bowlders  seen  in  the 


Fi«.  m. 


Field  .showing  an  unusual  uurab<>r  of  small  biwlders.  in  the  southeaMt  quarter 
of  swtion  IT.  ChiolcHsaw  township. 


countj'  is  that  kiiown  as  Saint  Peter,  located  in  the  southwest  l\ 
of  section  3,  near  the  center  of  Washington  townshij).  The  view 
(Fig.  40)  shows  that  gi'eat  mass  of  granite  as  it  was  set^n  from  a 
distance  rising  out  of  a  tall  and  rank  growth  of  oats.  Saint  Peter 
is  fully  twenty  feet  in  height  and  more  than  eight>'  feet  in  circum- 
ference. 

A  large  proportion  of  the  lowan  bowlders  lie  on  or  near  the 
surface  as  shown  in  figures,  32,  38,  39  and  41).  This  fact  has  led 
some  prominent  geologists  to  the  hasty  and  untenable  conclusion 
that  they  were  transported  on  top  of  the  ice  as  part  of  an  accumu- 
lation of  suj>erglacial  drift.  It  must,  however,  be  evident  to  any 
one  who  thinks  seriously  alx>ut  the  matter  that  a  continental  ice 
sheet,  like  the  lowan,  would  be,  like  the  ice  cap  of  Greenland, 
wholly  free  from  superfcial  detiitus.    Valley  glaciers,  like  those 
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erf  the  Alps,  may  become  loaded  with  superficial  material ;  amd  a 
piedmont  glacier,  like  the  Malaspina,  made  up  of  confluent 
mountain  glaciers  carrying  medial  moraines,  might  gather  suffi- 
cient detritus  on  its  surface  to  support  a  vigorously  growing 
forest;  but  the  possibility  of  any  considerable  amount  of  super- 
ficial drift  on  a  continental  glacier  is  too  small  to  be  seriously  con- 
sidered.   That  the  bowlders  of  the  lowan  drift  were  not  sup^r- 


Fio.  40.  Saint  Peter,  the  largest  bowlder  in  Chickasaw  county,  as  seen  from  a  distance 
rising  out  of  a  heavy  growth  of  small  grain,  southwest  quarter  of  section  3,  Wash- 
ington township. 


glaoial  is  abundantly  attested  by  the  fact  that  a  very  large  pro- 
portion of  them  are  planed  and  scored  on  one  or  more  sides  as 
shown  in  figure  41 .  Some  of  the  very  largest  and  most  promi- 
nent of  them  have  been  broken  up  into  blocks  for  building  stone, 
and  in  every  case  the  lower  side  has  been  found  to  be  planed  and 
worn  by  being  dragged  along  underneath  the  ice.  The  lowan 
bowldters  are  now  on  the  surface  for  the  reason,  largely,  that  the 
lowan  glaciers  carried  a  comparatively  small  amount  of  clay  and 
other  fine  detrital  material,  and  therefore  the  thickness  of  the 
lowan  drift  sheet  is  not  sufficient  to  conceal  the  great  blocks  of 
granite  which  were  embedded  in  the  lower  surface  of  the  ice. 
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Fio.  41.     Glacial  planing  on  an  lowan  bowlder,  a  common  feature  of  lowaii  bowldera^ 
and  one  showing  they  were  not  superglaeial. 

Data  bearing  on  the  thickness  of  the  Pleistocene  deposits  will 
be  given  below  in  connection  with  the  discussion  of  wells  and 
water  supplies. 

SoUs. 

The  soils  of  our  territory  show  but  little  variety.  Over  most 
of  the  county  the  soil  is  a  rich,  deep,  black  loam  developed'  on 
the  lowan  drift.  Some  portions  of  the  lowan  surface  is  not  well 
drained  and  in  certain  seasons  the  soil  is  wet  and  heavy,  but  such 
areas  are  admirably  adapted  to  the  growth  of  some  kinds  of 
meadow  grasses.  There  is  very  little  of  the  county,  however,  that 
cannot  be  cultivated  successfully  in  years  of  normal  rainfall.  Tlio 
warm,  black,  fertile  loam  developed  on  the  lowan  till,  and'  very 
much  the  same  wherever  this  drift  is  spread,  is  one  of  the  most 
desirable,  the  most  productive,  the  most  inexhaustible  of  the  soil 
types  found  in  our  great  state. 

In  the  broad  saga  which  serve  throughout  most  of  the  county 
for  river  valleys,  extensive  sheets  of  the  valley  phase  of  Buchanan 
gravels  are  present  as  a  subsoil  and  afford  perfect  underdrainage 
to  lai^  areas  which  would  otherwise  be  too  wet  for  cultivation. 
On  the  hills  about  Nashua  the  soil,  is  thin,  the  Devonian  lime- 
stones coming  near  the  surface.    There  is  a  small  area  of  sandy 
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soil  on  the  erosional  hills  west  of  the  Little  Cedar  river,  in  sec- 
tions 20  and!  21,  Chickasaw  township.  On  the  whole  there  is  no 
part  of  the  state  more  favored  in  the  matter  of  soils  than  Chick- 
asaw county. 

ECONOMIC  PBODUCTS. 

Apart  from  the  splendid  soils  of  the  county  there  are  no  geo- 
logical deposits  capable  of  supporting  extensive  industries.  The 
quarries  furnishing  building  stone  have  been  individually  de- 
scribed in  the  discussion  of  the  Devonian.  The  most  important 
quarries  are  those  in  Chickasaw  and  Bradford  townships,  for 
these  are  most  favorably  located  with  reference  to  markets;  but 
probably  the  best  grad^  of  limestone  occurring  in  the  county  is 
that  seen  near  the  center  of  section  25,  in  the  southeast  comer  of 
Utica  township.  The  old  Bishop  quarrj^  (Fig.  36)  might  be  made 
to  yield  a  good  quality  of  flagging  stone.  The  immense  amount  of 
granite  in  the  surface  bowlders  of  the  county  constitute  supplies 
of  building  material,  ready  to  hand,  which  will  be  appreciated 
and  utilized  more  and  more  as  there  is  increased  demand  for  sub- 
stantial structures  of  every  kind'.  The  larger  bowlders,  as  verita- 
ble granite  quarries,  will  be  systematically  attacked  with  the  best 
modem  quarrying  tools  and  broken  into  properly  shaped  blocks 
for  bridge  piers  and  heavy  foundations. 

Mr.  Marion  E.  Ackley  operates  lime  kilns  at  Chickasaw  and 
supplies  the  local  market  with  a  product  of  excellent  quality.  It 
is  the  beds  immediately  below  the  Acervularia  and  stromatopo- 
roid  horizon  that  are  used  in  lime  burning.  Lime  was  formerly 
made  from  the  same  bedss  at  the  old  Bishop  quarry,  about  a  mile 
north  of  Chickasaw.  Another  lime  kiln,  which,  however,  has  not 
been  used  for  some  years,  is  located  in  the  southeast  ^^  of  section 
20,  Bradford  township. 

There  is  no  limit  to  the  amount  of  drift  clays  occurring  in 
Chickasaw  county,  but  clays  suitable  for  the  manufacture  of  brick 
and  tile  are  not  common.  The  objectionable  feature  in  the  drift 
clays  is  the  great  number  of  pebbles  which  are  universally  pres- 
ent. The  blue  Kansan  till  contains  numerous  limestone  frag- 
ments which,  even  if  the  other  pebbles  could  be  disposed  of,  would 
effectually  bar  its  use  for  the  manufacture  of  clay  products.    The 
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lowan  clay  is  less  objectionable  than  the  Kansan  on  account  of  its 
practical  freedom  from  pebbles  of  limestone.  The  only  brick 
yard  sieen  in  the  county  is  that  operaitedl  by  Mr.  Cotant  about 
three-fourths  of  a  mile  west  of  New  Hampton.  The  clay  used  is 
the  upper  three  feet  of  the  lowan  drift,  most  of  it  the  fine  black 
surface  loam  or  soil.  The  raw  product  is  dried  partly  in  the  sun, 
partly  on  pallets  under  cover.  The  burning  is  done  in  small 
clamp  kilns,  with  a  capacity  of  100,000  for  each  kiln.  The  plant 
includes  a  two  horse-power,  Iron  Quaker  machine  of  20,000  daily 
capacity. 

In  the  matter  of  road  materials,  the  limestones  may  properly 
be  counted  among  the  available  deposits;  but  the  Buchanan 
gravels,  both  in  their  upland!  and  valley  phases,  constitute  by  far 
the  most  imjwrtant  resources  of  the  county  in  this  direction.  The 
siliceous  pebbles  mixed  with  a  small  amount  of  sand,  just  as  they 
occur  in  mcst  of  the  native  beds,  make  an  ideal  road  dressing. 
The  material  is  cheap  and,  by  reason  of  the  wide  distribution 
already  described,  it  is  everywhere  at  hand.  The  fine  piece  of 
road  between  Ionia  and  Chickasaw,  and  that  leading  south  from 
New  Hampton  to  Williamston,  are  impressive  object  lessons  on 
the  subject  of  what  may  be  accomplished  in  the  way  of  road  im- 
provement by  a  small  amount  of  effort  intelligently  applied. 

There  are  a  number  of  beds  of  a  fairly  good  grade  of  peat  in 
various  parts  of  the  county.  One  of  these  is  traversed  by  the  new 
line  of  the  Great  Western  railway  near  the  southwest  comer  of 
section  17,  New  Hampton  township.  The  peculiar  prominent 
boggj'^  elevations,  known  as  ** mound  springs,"  whidi  are  seen  on 
many  of  the  low  slopes  of  lowan  drift,  furnishing  water  which 
may  be  piped  down  to  drier  ground  at  lower  levels,  are  all  accom- 
panied by  accumulations  of  peat  of  greater  or  less  extent.  A 
small  but  typical  mound  spring,  with  its  attendant  bed  of  peat, 
occurs  in  the  southwest  14  of  the  southwest  Vi  of  section  33  within 
a  few  yards  of  the  south  line  of  Deerfield  township.  The  largest 
amount  of  peaty  material  in  one  place,  was  seen  in  a  bench  which 
rises  above  the  level  of  the  valley  gravels  in  the  northeast  y^  of 
the  northeast  ^4  of  section  32,  Chickasaw  township.  Peat  is  prob- 
ably of  no  value  at  present,  but  as  fuel  becomes  scarcer  and  more 
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expensive,  it  may  be  profitable  to  briquette  and  dry  the  peat  from 
some  of  the  larger  beds,  and  place  it  on  the  market 

Some  small  beds  of  limonite  or  bog  iron-ore  are  found  at  a 
number  of  points  in  the  oounty.  None  were  seen  of  suflSdfent 
extent  to  justify  their  exploitation  on  a  oommercial  scale.  Prob- 
ably the  best  known  is  that  which  occurs  in  the  northeast  14  ^ 
section  24,  Dayton  township. 

Water  Supplies. 

Chiciasaw  county  is  well  supplied  with  an  abundance  of  pnure, 
wholesome  water.  No  area  of  similar  size  is  better  provided  witli 
streams,  audi  a  proportionately  large  part  of  the  population  de- 
pend on  stream  waters  as  a  supply  for  farm  stock.  There  are  not 
many  springs  in  the  county  compared  with  some  other  regions  of 
our  state,  but  well  water  of  good  quality  is  readily  found  on  every 
farm.  Most  of  the  wells  end  in  the  drift,  water  being  found  either 
in  seams  in  the  glacial  clays  or  in  streaks  of  sand  and  gravel 
interbedded  with  the  clays.  In  the  broad  stream  valleys  water  is 
usually  reached  at  diepths  ranging  from  twenty  to  thirty  feet,  in 
the  beds  of  gravel  belonging  to  the  Buchanan  substage.  In  a  few 
instances  wells  penetrate  the  underlying  limestones. 

The  farm  wells  about  New  Hampton  are  reported  to  end  in  a 
bed  of  water-beairing  sand  which  lies  immediately  on  top  of  the 
iimestones,  and  the  depth  of  the  wells  ranges  from  125  to  160  fe^-t. 
Eight  or  ten  miles  north  of  New  Hampton,  drillers  report  that 
wells  go  down  200  feet  without  striking  rock.  A  depth  of  200  feet 
is  not  infrequently  reached  in  Dayton  and  Frediericksburg  town- 
ships without  penetrating  the  whole  thickness  of  the  drift.  The 
town  well  of  Lawler,  in  the  valley  of  Crane  creek,  gees  down 
through  Buchanan  gravel  and  Kansan  clay  to  a  depth  of  135  feet. 
It. is  137  feet  deep  and  is  reported  to  go  into  the  rock  only  a  foot 
or  two.  Wells  on  higher  ground  near  Lawler  show  a  thickness  of 
165  feet  for  the  Pleistocene  deposits,  and  go  some  distance  below 
the  level  of  the  stream  in  the  adjacent  valley  before  encountering 
rock.  In  a  well  near  Jerico  the  limestone  was  reached  at  a  d^epth 
of  221  feet.  The  railway  well  at  Ionia  is  145  feet  deep  and  ends 
in  what  is  reported  as  *  ^  quicksand. ' '  The  boring  of  deep  farm 
wells  has  furnished  reliable  data  concerning  the  surprising  thick- 
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ness  of  the  great  mantle  of  drift  which  overspreads  nearly  the 
entire  county  and  effectually  conceals  the  underlying  rocks. 

Shallow  wells  drawing  supplies  of  water  from  the  great  gravel 
trains  of  the  Buchanan  age,  are  found  in  all  the  stream  valleys. 
At  Lawler,  for  example,  water  is  obtained  on  any  of  the  residence 
lots  by  simply  driving  points  into  the  gravel  to  depths  of  from 
fourteen  to  sixteen  feet.  In  the  vicinity  of  Little  Turkey  ix)st- 
office  driven  wells  need  go  only  twenty-five  feet  into  the  gravel 
beds  to  get  unfailing  supplies.  In  all  the  other  stream  valleys  the 
situation  is  much  the  same. 

At  New  Hampton  the  city  well  has  a  depth  of  235  feet.  The 
mantle  of  drift  is  135  feet  in  thickness;  the  boring  went  100  feet 
into  the  limesitones.  The  well  is  ten  inches  in  diameter ;  the  water 
rises  within  thirty  feet  of  the  surface;  the  supply  is  ample  to  meet 
all  demands  so  far  made  upon  it  In  the  western  part  of  the 
county  some  of  the  farm  wells  penetrate  rock  to  greater  or  less 
distances. 

Remains  of  the  Aftonian  forests,  in  the  form  of  splintered 
fragments  of  wood  worked  up  into  the  blue  Kansan  clay,  are 
found  in  nearly  all  wells  bored  into  the  drift.  Well  drillers  report 
that  it  is  not  unusual  to  strike  a  flow  of  gas  at  depths  ranging 
from  twenty  to  forty  feet  No  decisive  tests  relative  to  the  qual- 
ity of  the  gas  have  been  made,  but  it  is  stated  that  at  Bassett  a 
lighted  lantern  was  extinguished  when  let  down  into  a  well  from 
which  gas  was  escaping.  It  is  quite  probable  that  all  the  gas 
encountered  in  boring  wells  in  the  glacial  deposits  of  this  region 
consists  largely  or  wholly  of  carbon  dioxide. 

Water  Powers. 

Considering  the  number  of  streams,  there  are  not  many  water 
powers  developed  in  the  county.  The  water  power  on  the  Cedar 
at  Nashua,  and  those  at  Chickasaw  and  Greenwood  Mills  on  the 
Little  Cedar  are  the  most  important 

SUMMARY. 

Chickasaw  county  presented  few  features  of  interest  to  the 
older  geologists.  It  was  simply  a  great  prairie  plain  traversed  by 
numerous  clear  streams.    The  soils  are  exceptionally  deep  and 
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exoeptionally  fertile;  but  the  very  depth  and  the  universal  dis- 
tribution of  the  mantle  of  loose  materials  have  effectually  con- 
cealed the  quarry  stones  and  other  geological  resources.  Agri- 
culture is,  and  must  always  remain,  the  most  important  industry 
of  tills  count?'.  There  is  building  stone  enough  for  all  local  needs 
in  the  few  limestone  quarries  and  in  the  universally  distributed 
granite  bowldiers.  There  is  some  good  lime  burning  rock  availa- 
ble, and  ix>ad  materials,  in  the  form  of  extensive  beds  of 
Buchanan  gravels,  are  everywhere  abundant.  If  any  one  r^rets 
the  absence  of  coal  and  other  mineral  products,  let  him  remember 
the  wealth  producing  qualities  of  the  soils,  which  no  right  think- 
ing man  would  exchange  for  the  conditions  favorable  to  mining ; 
let  him  remember  that  the  farms  of  Iowa  are  worth  more  than  all 
the  gold  and  silver  mines  of  America. 
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INTRODUCTION. 

GEOLOGICAL.  TOPOGRAPHICAL  AND   GEOGRAPHICAL  RELATIONS 

AREA. 

Mitchell  county  is  bounded  by  areas  on  which  geological  re- 
ports have  already  been  made.  The  geology  of  Howard'  is  pub 
lisihed  in  the  present  volume,  that  on  Wortii  county  appeared  in 
volume  X,  and  in  volume  VII  the  geology  of  Cerro  Gordo  county 
is  discussed.  From  what  is  known  of  the  geological  structure  ot 
the  counties  adjoining  Mitchell  on  the  east  and  west,  it  might 
readily  be  inferred  that,  so  far  as  relates  to  the  stratigraphy  of 
the  indurated  rocks,  our  territory  lies  wholly  within  the  area 
occupied  by  formations  belonging  to  the  Devonian;  and  in  iti? 
relations  to  the  mantle  of  loose,  soil-making  materials,  it  is 
included  in  the  area  of  the  lowan  drift.  Mitchell  county  is  not 
traversed  by  the  margin  of  any  important  geological  formation, 
though  in  the  drift  series  there  are  some  interesting  and  signifi- 
cant islands  of  loess-covered  Kansan  which  merge  with  rather 
indefinite  limitations  into  the  lowan  plain.  These  islands  are 
parts  of  a  series  of  small,  loess-covered  patches— surrounded  by 
lowan  drift  and)  separated  by  many  miles  of  intervening  lowan 
plain  from-  typical  regions  of  loess— which  are  known  to  occur 
along  the  valley  of  the  Cedar  river  from  Mitchell  county  to  be- 
yond Cedar  Rapids  in  Linn. 

The  region  to  be  discussed  in  the  present  chapter  is  related  in 
an  interesting  way  to  one  of  the  larger  topographic  features  of 
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the  state,  which  affects  a  number  of  the  adjacent  counties.  It  is 
possible  that  this  toxx>graphy  may  have  had  something  to  do 
with  the  genesis  of  the  anomalous  loessf  island's  noted  above.  In 
the  report  on  Chickasaw  county  reference  is  made  to  the  fact, 
pointed  out  by  McGee  in  1891,  that  the  water  courses  of  a  part  ol 
northeastern  Iowa,  instead  of  following  the  general  inclination  of 
the  surface,  take  a  direction  nearly  at  right  angles  to  the  predom- 
inant slope.  Between  the  high  divide  on  which  Bonair,  Cresco, 
Ridgeway  and  Calmar  are  located,  and  the  Cedar  river,  the 
inclination  of  the  surface  is  greatest  toward  the  southwest^  and 
yet  all  the  streams  of  the  intervening  area  are  flowing  toward  the 
southeast.  Osage,  located!  on  the  lowan  T)lain  ninety  feet  above 
the  level  of  the  Cedar  river,  is  about  140  feet  lower  than  Cresco. 
A  line  drawn  between  the  two  points  would  cross  tlie  drainage 
courses  nearly  at  right  angles.  Along  a  line  practically  parallel 
to  that  just  mentioned  we  get  the  following  altitudes:  Calmar 
1263,  New  Hampton  1169,  Charles  City  1024.  Farther  south  a 
similar  line  gives :  Donnan  1151,  Sumner  1060,  Waverly  948.  A 
nearly  parallel  line  still  farther  south  shows  the  following  signifi- 
cant series  of  altitudes :  Arlington  1113,  Oelwein  1049,  Fairbank 
1000,  Dunkerton  945,  Dewar  889,  Waterloo  841.  The  unusual 
behavior  of  the  streams  northeast  of  the  Cedar  is  more  strikingly 
illustrated  when  other  facts  are  taken  into  consideration.  For 
example,  Devon  in  Chickasaw  county,  on  the  summit  of  a  high 
divide,  has  an  altitude  of  1194  feet.  A  line  drawn  from  Devon  to 
Oelwein  is  approximately  parallel  to  the  drainage  courses,  the 
distance  is  thirty-nine  miles,  and  the  difference  in  elevation 
between  the  two  points  is  145  feet.  In  the  direction  of  the  drain- 
age the  surface  has  an  average  slope  per  mile  of  less  than  four 
feet.  On  the  other  hand,  from  Oelwein  to  Waterloo,  along  a  line 
at  right  angles  to  the  courses  of  the  streams,  the  distance  is 
twenty-six  miles,  the  difference  in  elevation  is  208  feet,  the  aver- 
age gradient  in  this  direction  is  eight  feet  to  the  mile.  Rioeville 
and  Independence  are  both  located  on  the  Wapsipinicon  river, 
they  are  about  seventy  miles  apart,  the  difference  in  elevation 
between  the  two  is  308  feet,  the  average  gradient  per  mile  in  a 
straight  line  is  less  than  four  and  a  half  feet.  A  line  from  Calmar 
to  Charles  City  does  not  lie  quite  in  the  direction  of  the  greatest 
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slope,  and  yet  the  average  fall  per  mile  from  one  point  to  the 
other  is  more  than  six  feet.  Investigations  sufficiently  compre- 
hensive to  cover  the  entire  area  under  discussion  show  that  the 
streams  are  not  following  courses  coincident  with  the  greatest 
inclination  of  the  surface. 

That  the  Cedar  river  occupies  the  bottom  of  a  broad  trough 
extending  from  Winneshiek!  county  on  the  east  to  Kossuth  county 
on  the  west,  will  be  apparent  if,  in  connection  with  the  facts 
already  given,  the  following  series  of  altitudes  from  Charles  City 
westward  be  taken  into  considteration :  Charles  City  1024,  Nora 
Springs  1064,  Mason  City  1132,  Clear  Lake  1241,  Gamer  1223, 
Britt  1235,  Wesley  1258,  Algona  1194.  The  one  break  in  the 
gradual  rise  from  Charles  City  to  Wesley  is  due  to  the  fact  that 
Clear  Lake  is  located  in  the  irregular  ridge  which  constitutes  the 
marginal  moraine  of  the  Wisconsin  drift  lobe.  Algona  is  located 
in  the  valley  of  the  Des  Moines  river,  the  next  important  stream 
west  of  the  Cedar ;  its  elevation,  however,  is  170  feet  greater  than 
that  of  Charles  City.  West  of  the  Cedar  the  southeastward  flow- 
ing streams  follow  the  direction  of  the  general  slope  of  the  sur- 
face. Mitchell  county  lies  in  the  bottom  of  this  great  Cedar  river 
depression,  and  to  this  fact  it  probably  owes  some  of  its  most 
striking  geological  characteristics. 

In  making  inquiry  concerning  the  cause  of  the  peculiar  be- 
havior of  the  streams  between  the  Cedar  river  and  the  Cresco- 
Calmar  ridge,  certain  facts  are  worthy  of  consideration.  During 
late  Tertiary  time  Iowa  stood  low  with  reference  to  sea  level ;  it 
was  reduced  to  a  peneplain,  and  the  sluggish  streams  flowed  in 
shallow  chaimels  upon  a  nearly  level  surface.  It  may  be  con- 
ceived, however,  that  the  direction  of  the  drainage  courses  was  a 
consequence  of  original  slopes.  About  the  beginning  of  the 
Pleistocene,  but  before  the  advent  of  the  first  invading  glaciers, 
the  wh(>le  country  was  elevated'.  This  was  particularly  true  of 
northeastern  Iowa,  which  was  lifted  through  600  or  700  feet  The 
movement,  however,  was  not  uniform,  but  was  greatest  near  the 
Mississippi  river,  and  least  along  the  line  where  now  flows  the 
Cedar.  In  this  way  the  old  peneplain  was  tilted  toward  the 
southwest.  The  upward  movement  was  slow.  As  it  progressed 
the  streams  were  quickened  and  energized,  and  corrasion  kept 
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pace  with  the  uplift  Among  other  lines  of  evidence  the  deeply 
intrenched  meanders  of  the  Upper  Iowa,  or  Oneota  river,  in  the 
western  part  of  Allamakee  county,  attest  the  fact  that  the  region 
is  an  elevated  peneplain.  During  the  slow  process  of  elevation  all 
the  streams  held  to  their  original  courses  and  deepened  their 
channels  without  being  diverted  from  them,  notwithstanding  the 
great  change  which  took  place  in  part  of  the  area  in  the  direction 
of  the  predominant  slope. 

It  is  true  that  the  rock-cut  channels  of  the  anomalous  streams 
discussed  above,  excavated  as  they  were  before  the  earliest  ice 
invasion  of  the  region,  were  choked  with  glacial  detritus ;  and  it 
is  also  true  that  the  modem  streams  of  this  peculiar  region  flow 
in  broad  sags  and  shallow  trenches  in  the  surface  of  the  drift. 
But  after  the  withdrawal  of  each  of  the  successive  ice  sheets 
which  affected  northeastern  Iowa,  the  preglacial  valleys  still 
expressed  themselves  in  depressions  in  the  mantle  of  drift,  suffi- 
ciently pronounced  to  determine  the  course  of  the  subsequent 
streams.  The  great  trains  of  Buchanan  gravels,  described  in  the 
reports  on  Howard  and  Chickasaw  counties  as  occurring  in  all 
the  valleys  of  this  part  of  the  state,  show  that  the  present  water 
courses  have  been  the  principal  lines  of  drainage  at  Ifeast  since 
the  time  of  the  melting  of  the  Kansan  ice.  Each  valley  was  in 
fact  a  trough  before  even  the  Kansan  drift  was  deposited.  The 
courses  of  the  post-glacial  streams  seem  to  have  been  determined 
by  preglacial  erosion. 

In  its  geographical  relations  Mitchell  belongs  to  the  northern 
tier  of  counties  in  Iowa.  Its  northern  boundary  is  the  north  line 
of  the  state.  It  has  Howard  county  on  the  east,  Floyd  on  the 
south,  and  Worth  and  Cerro  Gordo  on  the  west.  It  is  traversed 
by  the  axis  of  the  great  Qedar  river  trough,  a  geographic  and 
topographic  feature  of  more  than  usual  importance.  Townships 
belonging  to  the  four  ranges,  15,  16,  17  and  18  west  of  the  fifth 
principal  meridian,  are  embraced  between  its  eastern  and  western 
boundaries.  From  south  to  north,  within  the  limits  of  the  ranges 
named,  the  county  includes  the  north  half  of  township  97,  and  all 
of  townships  98,  99  and  100.  Township  103  is  less  'than  five  miles 
in  length  from  north  to  south ;  sections  1  to  6  are  absent,  and  secr 
tions  7  to  12  are  fractional.    From  the  number  of  sectiona  in.- 
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eluded  in  the  oaunty  the  theoretical  area  would  be  480  square 
miles,  but  owing  to  the  fact  that  all  the  townships  fall  below  the 
standard  dimensions  both  in  length  and  width,  the  actual  area  is 
less  than  the  theoretical. 

.  PREVIOUS  GEOLOGICAL  WORK. 

Compared  with  other  prairie  counties  in  northeastern  Iowa  the 
number  of  rock  exposures  in  Mitchell  is  unusually  great,  and  in 
point  of  interest  many  of  these  exjx^ures  are  rarely  excelled  in 
any  part  of  the  state.  Notwithstanding  all  this,  Mitchell  county 
has  heretofore  been  practically  neglected  by  oflScial  geologists. 
The  pioneer  investigations  of  Owen,  conducted  in  the  valleys  of 
the  Cedar  river  and  its  tributaries,  on  the  limestones  and  shales 
making  up  the  geological  unit  which  he  calls  the  ^'Formaiion  of 
Cedar  cmd  Part  of  Lower  Ion  a  River,  Belonging  to  the  Devonian 
Period/*  were  evidently  not  extended  as  far  north  as  the  county 
we  are  considering.  In  the  Geological  Survey  of  Wisconsin,  Iowa 
and  Minnesota,  page  80,  speaking  of  the  range,  extent  and  bear- 
ings  of  the  deposit  under  discussion,  he  says:  *^The  formation 
ranges,  with  a  northwesterly  curve,  up  the  valley  of  the  Cedar 
riv»r;  forming  a  belt,  averaging,  at  first,  some  twelve  or  fifteen 
miles  only  in  width,  but  gradually  enlarging,  until,  when  in  lati- 
tude 43°,  it  disappears  under  the  drift  of  Northern  Iowa,  it  at- 
tains a  width  of  from  thirty  to  thirty-five  miles."  The  parallel 
of  43°  passes  through  the  southern  part  of  Floyd  county,  four  or 
five  miles  south  of  Charles  City,  and  Owen  seems  to  have  taken  it 
for  granted  that  there  are  no  natural  outcrops  of  Devonian  lime- 
stones north  of  that  line.  A  personal  examination  of  the  region 
would  have  shown  the  conclusion  to  be  not  well  founded. 

Whitney,  in  Hall's  Geology  of  Iowa,  volume  I,  part  I,  makes 
brief  reference  to  the  drainage  of  Mitcliell  county  on  page  306, 
a|id  on  page  311  there  are  detailed  sections  of  beds  exposed  near 
the  old  town  of  Newburg,  not  far  from  St.  Ansgar.  White's  re- 
port on  the  Geology  of  Iowa,  published  in  1870,  makes  no  refer- 
ence to  the  county^  under  discussion. 

The  topography  of  Mitchell  county,  its  isolated  loess  deposits 
and  its  lowan  bowlders,  are  discussed  with  some  fullness  by 
McQee  in  his  Pleistocene  History  of  Northeastern  lonsi,  and  in 
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the  same  memoir  tlie  detailed  sections  of  an  interesting  series  of 
wells  in  this  count\%  are  given  on  pages  515  and  516. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

In  general  the  surface  of  Mitchell  county  is  a  gently  undulat- 
ing plain,  such  as  everj^where  characterizes  typical  areas  of  the 
lowan  drift.  In  this  county  there  are  only  a  few  streams  of  suffi- 
cient importance  to  produce  any  marked  effect  upon  the  topogra- 
phy, but  the  few  there  are  flow  in  valleys  of  unusual  depth  when 
compared  with  otlier  streams  traversing  the  lowan  plain.  Ac- 
cordingly the  characteristic  features  of  tlie  drift  plain  are  found 
in  broad,  unbroken  belts  between  the  principal  water  courses.  A 
typical  bit  of  lowan  topography  occurs  nortlieast  of  the  Wapsi- 
pinicon  river;  another  belt,  five  to  eight  miles  in  width  and  ex- 


Fio.  42.  An  lowan  bowlder  two  and  a  half  miles  northeast  of  O  age.  This,  the  largest 
bowlder  seen  in  Mitchell  ('oaniy,  in  sarroanded  bj  a  typical  phase  of  the  lowan  drift 
plain.     The  level,  unbroken  surface  extends  to  the  horizon. 

tending  the  whole  length  of  the  county,  lies  between  the  Wapsi- 
pinicon  and  the  Little  Cedar  river;  the  most  extensive  belt  of 
ehaW-Oteri^tic  and  unbroken  lowan  is  that  which  occupies  the 
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area  between  the  Little  Cedar  and  the  Cedar,  while  west  of  the 
Cedar  there  is  a  very  typical  portion  of  the  lowan  drift  plain, 
broken  into  subordinate  parts  by  Rock  creek  and  Deer  creek.  In 
the  central  portions  of  the  lowan  belts,  or  anywhere  outside  the 
immediate  influence  of  the  deep  stream  valleys,  there  are  areas, 
extending  in  all  directions  to  the  horizon,  which  are  seemingly 
as  level  as  a  floor.  (Fig.  42  ).  Along  the  streams,  however,  there 
are  narrow  belts  where  the  drift  is  thin,  where  large  bowlders  of 
lowan  types  show  that  the  Iowa  ice  did  once  occupy  the  surface, 
but  where  the  amount  of  detritus  left  by  the  latest  ice  invasion 
was  insufficient  to  develop  the  representative  topography  of  the 
ideal  lowan  plain.    In  such  regions  the  surface  is  usually  strongly 


"Fro.  4ii.  .Uidulatlngsarface  in  aneas  of.  thin  Io.van  drift  near  tho  streams.     The  view 
was  taken  in  stxition  4,  township  97,  range  17. 

undulating  as  shown' in^gure  43.  A  concrete. illustration  of  an 
area  of  thin^drift,  with  undulatiTig  surface  and  protruding^ knobs 
of  rock,  may  be  found  northwest  of  Mitchell,  in  sections  1  and  12, 
township  98,  range  18.  A  very  marked  example  of  a  region  of 
thin  lowan,  through  which  the  pre-Iowan  erosional  topography 
still  expresses  itself,  is  seen  in  sections  22,  23,  26  and  27,  New- 
burg  township,  a  short  distance  west  of  St.  Ansgar.  The  same 
fvpe  of  topography  is  illustrated  over  and  over  again  on  both 
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sides  of  the  Cedar  river,  from  one  end  of  the  county  to  the 
other.  Similar  areas  occur  along  the  Little  Cedar  and,  to  a  less 
extent,  along  the  Wapsipinicon. 

Probably  the  most  surprising  feature  of  the  topography  of 
Mitchell  county  is  the  great  depth  of  the  trenches  in  which  the 
principal  rivers  flow.  The  valley  of  the  Cedar,  especially,  departs 
widely  from  the  type  of  valley  usually  seen  in  regions  of  lowan 
drift.  There  are  really  two  types  of  lowan  valleys.  One  is  illus- 
trated by  the  course  of  the  Wapsipinicon  and  its  several  branches, 
as  well  as  by  Crane  creek  and  some  other  streams,  in  Howard  and 
Chickasaw  counties.  Here  the  streams  follow  broad,  shallow  sags 
in  the  surface,  due  to  the  fact  that  preglacial  trenches  were  only 
partly  filled  with  glacial  detritus.  The  old  valley  which  Crane 
creek  still  follows  at  Lawler  in  Chickasaw  county,  is  filled  with 
drift  to  a  depth  of  135  feet,  and  yet  the  stream  flows  in  a  broad 
sag  which  was  determined  by  preglacial  rock  erosion.  The  other 
type  of  lowan  valley  is  illustrated  in  the  narrow,  shallow  trench 
which  accommodates  the  Shell  Rock  river  in  Worth  and  Cerro 
Gordo  counties.  This  simple  trench,  which  is  illustrated  in  figure 
12,  page  128,  volume  VII  of  the  reports  of  the  Iowa  Geological 


Fia.  44.  Precipitous  rocky  cliffs  along  the  valley  of  the  Cedar  river,  showing  preglacial 
characteristics.  View  north  of  the  southeast  corner  of  section  21,  townphfp  98,  range 
17,  two  miles  west  of  Osage. 
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Survey,  seeins  to  be  due  wholly  to  post-Iowan  erosion.  The  same 
type  of  stream  valley  is  shown  in  figure  45  in  this  reiK>rt.  The 
valley  of  the  Cedar  river  in  Mitchell  county  is  unlike  either  of 
these  types.  Its  depth  and  width  are  due  largely  to  preglacial 
erosion,  and  tlie  preglacial  characteristics  i^rsist  There  has 
been  no  i}ennanent  filling  of  the  valley  with  drift.  In  type,  this 
water  way  is  allied  to  the  water  ways  of  tlie  Driftless  Area. 
There  ai^  the  original  precipitous  rocky  cliffs  (Figs.  44,  49  and 
51 )  rising  vertically  from  sixty  to  eighty  feet,  and  the  total  depth 
below  the  level  of  the  upland  plain  ranges  from  ninety  to  120 
feet.  Tlie  sides  of  the  Cedar  river  valley  are  cut  by  deep  erosion 
trenches,  rec*alling  the  topogi-aphy  of  tlie  Driftless  Area,  or  areas 
of  thin  Kansan  drift;  and  the  tributaries,  few  and  insignificant 
though  they  are,  enter  the  main  stream  through  rock  cut  troughs 
or  gorges.  The  valley  of  tlie  Little  Cedar  resembles  that  of  the 
('edar  in  a  small  way.  The  valley  of  the  Wapsipinicon  conforms 
more  closely  to  the  lowan  type.  In  sections  8,  16  and  17,  town- 
ship 97,  range  17,  Rock  creek  flows  in  a  channel  with  precipitous 
limestone  walls,  while  in  section  12  of  the  next  township  west,  it 
IS  flowing  on  the  surface  of  the  lowan  drift  at  about  the  level  of 


Ffo.  46.  Rock  creek  in  the  Houthwost  quarter  of  the  northeast  quarter  of  section  12, 
township  97,  range  18,  showing  the  usual  type  of  stream  in  the  lowan  drift ;  the  water 
flows  in  a  shallow  trench  only  a  few  feet  below  the  level  of  the  cultivated  fields. 
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the  cultivated  fields  (Fig.  45  ).  Near  its  mouth  tlie  channel  of 
Rock  creek  is  preglaoial ;  out  on  the  plain  beyond  the  influence  of 
the  deep  valley  of  the  Cedar  river,  the  channel  has  all  the  chai'- 
acteristics  of  a  young,  post-Iowan  stream. 

Preglacial  characteristics  are  best  develoi)ed  in  that  part  of  the 
Cedar  river  valley  lying  between  section  1,  township  98,  range  18, 
northwest  of  Mitchell,  and  section  1,  township  97,  range  17,  south 
of  Osage.  Here  the  valley  is  deei)er,  the  cliffs  of  limestone 
higher,  and  the  mantle  of  loo«e  soil  materials  covering  the  under- 
lying Devonian  rocks  thinner  than  anywhere  else.  Here,  too, 
[adjacent  to  the  valley,  are  a  number  of  high  ix)ints  and  plateaus 
rising  more  or  less  conspicuously  above  the  level  of  the  lowan 
plain.  As  in  the  case  of  similar  highlands  near  the  lowan  border, 
these  prominent  areas  are  free  from  lowan  drift  and  covered 
with  loefis.  On  the  outer  margins  of  these  areas  the  loess  blends 
without  very  definite  borders  into  the  lowan  plain ;  on  the  inner 
side  the  loess  descends  almost  or  quite  to  the  level  of  the  river. 
One  of  the  larger  loess-covered  areas  oc^curs  between  Osage  and 
the  river,  being  best  develoi>ed  southwest  of  the  city,  in  sections 
26,  27,  34  and  35,  township  98,  range  17.  This  area  is  large 
enough  to  afford  a  typical  illustration  of  loess-Kansan  topogra- 


FlO.  46.    LoetHK-Kansan  topography  in  the  Houthern  part  of  the  Osag(>-Mitehell  lot«H 
island.  In  the  northeast  (iiiartcr  of  swtlon  35,  township  98,  range  17. 
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I)hy  (Fig.  46),  such  as  occurs  anywhere  immediately  outside  of 
the  lowan  margin.  Another  loess  area  characterized  by  the  usual 
loess-Kansan,  erosional  topography,  occurs  on  the.  west  side  of  the 
river,  west  and  northwest  of  Mitchell. 

Why  those  loess  islands  and  these  unique  preglacial  features  of 
a  river  valley,  so  strangely  out  of  place  in  the  midst  of  an  lowan 
plaint  It  may  not  be  possible  to  give  a  satisfactory  answer  to 
these  questions.  It  will  be  remembered,  however,  that  the  Cedar 
river  occupies  the  bottom  of  a  broad  trough  which  affects  the  sur- 
face on  a  large  scale.  This  great  depression  is  nearly  250  feet  i»i 
depth ;  it  has  Calmar  in  Winneshiek  county  on  one  margin  and 
Wesley  in  Kossuth  county  on  the  other.  The  geographical  posi- 
tion of  the  phenomena  demanding  explanation  would  suggest 
yumo  |H>ssil>le  causal  relation  between  them  and  events  taking 
place  along  the  bottom  of  the  Cedar  river  depression  during  the 
successive  glacial  invasions  of  northeastern  Iowa,  It  is  conceiva- 
ble tliat  the  surface  of  the  glaciers,  particularly  of  the  thin  lowan 
glaciers,  dipi)ed  from  both  directions  toward  the  bottom  of  this 
trough,  much  as  the  general  land  surface  does  today,  but  without 
the  cornigations  which  determine  the  courses  of  the  modem 
stivams  on  the  sides  of  the  great  depression.  Under  certain  con- 
ditions of  ice  melting  the  waters  resulting  from  surface  ablation 
would  Ik^  gathered  together  in  a  strong  stream  flowing  along  the 
l)ottoin  of  the  trough.  Early  in  the  process  of  melting  the  ice 
sheet  was  pi'obably  split  in  two  along  the  axis  of  the  depression, 
aaid  the  valley  was  swept  clean  of  glacial  detritus.  The  thin 
lowan  ice  would  be  especially  liable  to  be  cut  through  by  the 
action  of  the  vigorous  axial  stream.  The  high  loess-covered 
knobs  and  plateaus  may  never  have  beiMi  overfowed  by  the  lowan 
glacioi's ;  in  fact  the  more  prominent  of  those  certainly  show  no 
traces  of  lowan  drift.  They  reooivod  their  mantle  of  loess  in  the 
same  way  that  other  extra-marginal  areas  were  loess-covered  at 
the  time  of  culmination  of  the  lowan  stage. 

DRAINAGE. 

Mitchell  county  is  drained  by  three  priucii^al  streams,  the 
i'edar,  the  Little  Cedar  and  the  Wapsipinieon.  Each  of  these 
rivei's  is  almost  entiivly  devoid  of  jiermanent  tributaries  so  far 
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as  this  county  is  concerned.  The  larger  water  courses  are  bor- 
dered by  broad  belts  of  prairie  land,  the  surface  of  which  is 
drained  by  the  flow  of  storm  waters  along  shallow  depressions 
that  scarcely  break  the  level  monotony  of  the  lowan  plain.  Rock 
creek  and  Deer  creek,  west  of  the  Cedar  river,  are  the  most  im- 
portant of  the  minor  streams.  A  few  sections  are  drained  by 
Spring  creek,  which  joins  the  Cedar  from  the  northeast,  near  the 
south  line  of  the  county. 

Altitudes.— The  following  short  table  from  Gannett 's  Diction- 
ary of  Altitudes,  showing  the  relation  of  a  few  of  the  more  im- 
portant points  in  the  county  to  sea  level,  isi  not  without  signifi- 
cance. The  first  four  places  are  located  near  the  axis  of  the  Cedar 
river  trough,  but  are  up  on  the  lowan  plain,  not  in  the  river  val- 
ley. Carpenter,  on  the  level  plain  west  of  the  Cedfer,  may  be  com- 
pared as  to  altitude  with  St.  Ansgar ;  but  more  significant  is  the 
comparison  which  may  be  made  of  Riceville  in  the  Wapsipinicon 
valley  with  Osage  on  the  upland  plain,  ninety  feet  above  the 
Cedar  river. 

FEET. 

Otranto 1,178 

St.  Ansgar J, 175 

Osage 1,163 

Orchard 1,090 

Carpenter 1,198 

Riceville 1,229 

Between  Otranto  and  Orchard,  parallel  to  the  axis  of  the  valley, 
the  fall  is  4.5  feet  to  tlie  mile;  between  Riceville  and  Osage,  at 
right  angles  to  the  drainage,  the  average  fall  per  mile  is  4.7  feet 

STRATIQHAPHY. 
General  Discussion. 

Mitchell  county  offers  no  great  variety  of  geological  forma- 
tions. Only  two  systems  are  represented,  the  Devonian  and  the 
Pleistocene.  In  the  Devonian  but  a  single  stage  is  recognized,  the 
Cedar  Valley  stage  of  the  Middle  Devonian.  There  are  natural 
exposures  of  two  stages  of  the  Pleistocene,  the  Kansan  and  the 
lowan.    In  some  well  sections  there  are  indications  of  the  pre- 
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Kansan  drift  Devonian  limestones  come  to  the  surface  along  all 
the  principal  streams.  In  the  Cedar  river  valley  there  are  ex- 
posures at  intervals  from  Orchard  to  Otranto.  There  are  out- 
crops of  Devonian  near  Mclntire  in  the  eastern  jmrt  of  the  county 
audi  near  Carpenter  in  the  west.  In  the  central  part  stone  is  quar- 
ried at  numerous  i)oints  near  Brownville,  Little  Cedar  and  Star 
ceyville.  Notwithstanding  the  great  number  and  wide  distribu- 
tion of  the  rock  exix)sures,  the  aggregate  tliickness  of  the  De- 
vonian strata  seen  in  the  county  does  not  exceed  ninety  feet. 
There  are  a  number  of  vertical  cliflFs  within  a  few  miles  of  Osage 
—in  sections  21,  27,  28  and  34,  township  98,  range  17 — ^which  in- 
dividually show  practically  the  whole  succession  of  the  Devonian 
beds  seen  in  the  entire  county. 

The  larger  stream  valleys  of  the  county  are  about  parallel  to 
the  strike  of  the  strata,  ^nd  northeast  of  the  Cedar  river  the  slope 
of  the  surface  conforms  verj^  closely  to  tlie  general  southerly  and 
southwesterly  dip.    The  same  beds  which  are  quarried  at  Orchard 


FlO.  47 


The  Lewis  Ume  quarry,  in  tlie  nou^^hcast  iiuarter  of  stx^tion  27,  Osagc  township, 
one  and  one-half  miles  southwest  of  Osage. 
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are  quarried  near  St.  Ansgar;  the  quarrystone  beds  at  Mdntire 
are  the  same  as  those  burned  for  lime  southwest  of  Osage.  Each 
exposure  examined  throughout  tJie  whole  county  proves  to  be  in 
some  measure,  a  repetition  of  every  other.  One  striking  feature 
of  the  geology  of  Mitchell  county  is  the  extraordinary  develop- 
ment of  the  fine-grained,  whitish,  lithographic  beds  which  mark 
a  very  definite  and  easily  recognized  horizon  in  Howard,  Chick- 
asaw, Cerro  Gordo  and  otlier  counties  as  far  south  as  Johnson. 
Here  the  lithographic  zone  is  much  thicker  than  usual,  the  bed- 
ding is  more  regular  (Figs.  47  and  48),  and  the  texture  of  the 


Fig    48. 


Lithographic  beds  in  the  Oable  quarrf  in  the  northwest  quarter  of  the 
southeast  quarter  of  section  27,  township  96,  range  17. 


gtone  is  very  much  finer.  The  lithographic  horizon  is  tlie  highest 
represented  in  the  count>\  The  beds  resist  solution  and  weathering 
remarkably  well,  and  they  crop  out  in  nearly  all  parts  of  the 
county  on  hill  slopes,  or  even  on  level  plain®  wherever  the  drift 
is  thin.  All  the  strata  belonging  to  the  horizon  of  the  Salisbury 
quarry  and  other  quarries  about  Vernon  Springs  and  Cresco  in 
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Howard  county,  are  absent  from  Mitchell,  or  are  represented  only 
by  beds  of  waste  overlying  the  lithographic  zone. 


SYNOPTICAL  TABLE. 


The  following  table  shows  the  taxonomic  relations  of  the  geolo- 
gical formations  of  Mitchell  county : 


GROUP. 

SYSTEM. 

SERIES. 

STAGE. 

SUB-STAGE. 

Pleistocene. 

Glacial. 

lowan . 

Loess. 

Cenozoic . 

lowan  till. 

Kansan . 

Buchanan  gravel 

Kansan  till. 

Paleozoic. 

Devonian . 

Middle  Devonian 

Cedar  Valley 

Devonian  System. 

TYPICAL  SECTIONS. 

The  Lewis  Lime  Quarry. — ^In  the  southeast  l^  of  section  27  add 
the  northeast  14  ^^  section  34,  Osage  township,  there  are  many 
qnarries  and  natural  outcrops  which  together  afford  a  very  com- 
plete section  of  the  upper  part  of  the  Devonian  as  it  is  developed 
in  Mitchell  county.  A  large  quarry  (Fig.  47)  on  the  land  of  J.  H. 
Brush,  operated  by  George  Lewis  in  the  production  of  building 
stone  and  the  manufacture  of  lime,  gives  the  following  standard 
section  of  the  lithographic  zone : 


FEET       TX. 


10.  Dark  brown  residual  clays  with  some  granular, 
calcareous,  residual  material  resembling  fine 
sand,  and  many  weathered  chips  of  limestone 

9.  Firm,  whitish,  fine-grained  ledge  of  concretionary 
lithographic  limestone  containing  a  number 
of  obscure  stromatoporoids 

8.  Parting  of  shaly,  fossiliferous  limestone;  fossils 
mostly  in  the  form  of  comminuted  brachiopod 
shells,  among  which  some  small  Spirifers  and 
Cyrtinas  are  recognizable 


10 


DEVONIAN   SYSTEM.  311 

FEET.      IN. 

7.     Hard,  fioe-grained  lithograpic   limestone  with 
lamination  planes  well  defined  in  some  places, 
less  perfectly  defined  in  others,  and  with  a 
tendency  to  split  up  into  individual  layers  of  . 
varying  degrees  of  thickness , . . .  1      2 

6.     Marly  shale 3 

5.  Heavy  ledge  of  fine-grained  lithographic  stone 

dividing  into  two  parts,  the  upper  ten,  the 
lower  seventeen  inches  in  thickness.  The 
lower  five  inches  is  very  fine  and  homogenous 
in  texture  and  tends  in  places  to  separate  as  a 
distinct  layer 2      3 

4 .  Thin  shaly  parting 1 

3.  Ledge    of    fine- textured    lithographic  stone   in 

three  parts,  eight,  seventeen  and  a  half,  and 
three  and  a  half  inches  respectively    2      4 

2.  Shaly  parting 1 

1.  Coarser  and  less  perfect  lithographic  stone  in 

two  parts  eleven  and  nine  inches  thick 1      8 

Beds  3,  5,  7  and  9  are  fine-grained  and  light  colored,  break  with 
conchoidal  fracture,  and  would  all  be  classed  as  lithographic 
limestone.  It  is  the  upper  eight  inches  of  No.  3  and  the  lower  five 
or  six  incheB  of  No.  5  that  are  fine  enough  and  homogeneous 
enough  to  give  promise  of  possessing  commercial  value  as  service- 
able lithographic  stone.  All  the  beds  are  checked  and  jointed  on 
an  extensive  scale,  and  this  renders  it  diflScult  to  obtain  blocks  of 
usable  size  for  lithographic  purposes.  A  few  yards  southeast  of 
the  quarry  described,  the  beds  lying  below  No.  1  are  exposed  so 
as  to  afford  the  following  general  section  in  which  minor  details 
are  omitted: 

FEBT.      IN. 

6.  Impure  dolomitic  limestone  varying  in  texture, 

layers  ranging  in  thickness  from  two  to  four- 
teen inches 8 

5.  Heavy  lithographic  led^e,  light  gray  in  color, 

with  fine  texture,  includes  great  numbers  of 
minute,  rhomboidal  crystals  of  calcite 2      2 

4 .  Calcareous  shale 6 

3.  Argillaceous  limestone  decomposing  rapidly  by 

exposure  to  weather,  upper  four  or  five  inches 
more  resistant ..,..., 2 

2 .  Series  of  irregular  courses  of  grayish ,  magnesian 

limestone,  varying  laterally  in  color  and  thick- 
ness in  the  same  layer 4 
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1.  Soft,  yellow,  earthy,  regularly  bedded  mag- 
nesian  limestoae  ia  five  layers  which  are  5, 
14.  8,  5  and  14  inches  in  thickness  respectively, 
layers  separated  by  shaly  partings,  total 
thickness  exposed 4      6 

In  the  immediate  vicinity  of  tlie  Lewis  quarry  there  are  many 
rock  exposures  in  the  steep  bluffs  along  Sugar  creek,  and  quarries 
have  been  operated  at  a  number  of  points.  Beyond  the  slight 
variations  in  individual  layers  which  may  always  be  expected, 
there  is  nothing  in  all  the  exposures  essentially  different  from 
the  several  members  of  the  two  sections  already  described.  For 
example,  in  some  parts  of  the  quarry  of  L.  D.  Green,  located  on 
the  south  sidie  of  the  ravine  followed  by  the  wagon  road  in  the 
northeast  ^  of  section  34,  the  equivalent  of  the  upper  part  of 
No.  3  in  the  Lewis  quarry  divides  along  definite  lamination  planes 
into  thinner  portions  varying  from  half  an  inch  to  two  inches  in 
thicknessi.  The  texture  seems  to  be  even  finer  and  better  adapted 
to  high  grade  lithographic  work  than  in  the  quarry  first  noted. 
Some  of  the  other  layers,  notably  the  equivalent  of  No.  7,  show  a 
tendency  to  divide  into  thin  laminaB. 

It  were  scarcely  possible  or  desirable  to  describe  all  the  out- 
crops and  artificial  openings  in  this  locality.  The  lithographic 
beds  are  quarried  at  an  opening  on  the  land  of  Dr.  W.  H.  H.  Gable 
in  the  northwest  ^4  ^f  th^  southeast  14  o-f  section  27,  about  half 
a  mile  northwest  of  the  Lewis  quarry.  The  layers  worked  emi- 
brace  Nos.  3,  5,  7  and  9  (Fig.  48).  There  is  no  waste  above  No.  9.. 
the  stripping  consisting  of  a  very  thin  layer  of  humus.  The  re- 
markable durability  of  the  fine-grained  beds  is  well  illustrated  by 
the  scarcely  perceptible  effects  produced  by  weathering  and 
solution  on  bed  No.  9,  notwithstanding  its  proximity  to  the  sur- 
face. Checks  and  joints  are  more  numerous  here  than  at  the 
Lewis  lime  quarry,  due  probably  to  greater  exposure  to  altema^ 
tions  of  temperature,  but  otherwise  the  ledges  present  no  essential 
differences.  Southwest  of  the  Gable  (luarry  there  is  a  steep  bluff 
facing  the  river  and  showing  the  succession  of  beds  below  the 
lithographic  zone.  A  little  more  than  one-fourth  o?  a  mUe  east  of 
the  Gable  quarry,  the  underlying  dolomitized  beds  have  been 
quarried  to  some  extent,  in  the  south  bank  of  Sugar  creek. 
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A  quarry  worked  for  lime  and  briildlmg  stone  by  Mr.  Ritter  is 
locat^  near  the  east  line  of  the  southeast  %  of  section  27,  north 
ofi  the  Osa^ge  road.  The  section  indudes  all  the  beds  seen  in  the 
Lewis  quarry.  The  characteristics  are  those  usual  to  the  horizon 
of  the  lithographic  stone.  The  ledges  above  No.  3  are  in  part  split 
up  into  a  number  of  thinner  layers,  as  in  the  Green  quarry.  A 
short  distance  west  of  the  city  limits  of  Osage,  near  the  center  of 
section  26,  there  is  a  quarry  showing  the  lithographic  zone.  The 
section  is  the  same  as  at  the  Lewis  quarry  except  that  the  lower 
part  of  No.  3  ia  very  shaly,  the  upper,  fine-grained  part  of  3  is 
91/^  inches  thick,  the  upper  part  of  No.  5  thins  out  to  zero  at  one 
place  and  7  and  9  are  blended  into  a  single  layer.  The  litho- 
gmphic  stone  is  again  exposed  westof  the  bridge  over  Sugar  creek, 
in  the  southeast  i/4  of  section  22,  township  98,  range  17.  Some 
quarrying  has  been  done  on  opposite  sides  of  the  road,  both  in 
section  22  and  section  27.  The  layers  of  the  Lewis  quarry,  ex- 
cepting 8,  9  and  10,  are  present  and  show  the  usual  characteristics. 
The  limestone  is  here  overlain  by  three  feet  of  fine  silt-like  loess. 

The  Chandler  Cliff  Section.— There  are  some  picturesque 
bluffs  on  the  east  side  of  the  river,  in  the  southeast  14  ^^  ^^ 
southeast  i/4  of  section  21,  directly  west  of  Osage,  which  afford 
the  following  section : 

FEVT.      IH. 

26.  Residual  clay  in  which  thin,  weathered  slabs  and 
.flakes  of  limestone  are  embedded,  part  of 
mantle  of  waste 4 

25.     Coarse- f^rained ,  rough,  weathered,  magnesian 

limestone 6 

24.  Firm,  fine-grained,  lithographic  ledge,  some- 
what concretionary  and  containing  imperfectly 
preserved  stromatoporoids,  the  equivalent  of 
^  of  Lewis  quarry 1 

23.  Partly  decayed  and  partly  shaly  layer,  the 
equivalent  of  numbers  6  and  8  of  the  Lewis 
quarry.  No.  7  has  thinned  out  and  is  not 
represented  in  this  section 1 

22.  Fine,  I ight- colored ,  lithographic  bed,  equal  to 
No.  5  of  Lewis'  quarry.  The  bed  as  usual 
shows  two  divisions  which  are  separated  by  a 
peculiar  suture-like  joint  due  to  the  interlock- 
ing of  small  prominences  from  the  apposed 
surfaces .  This  interlocking  joint  is  seen  in  all 
the  exposures  of  this  vicinity  between  the  two 
parts  of   No.  5.     The  interlocking  denticles 

show  stylolitic  structure 2 

21  Q  Bep 
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21    Shaly  parting 1 

20.  Lithographic  limestone  in  three  parts:  No.  3  of 
the  Lewis  quarry;  upper  part  as  usual  very 

fine-grained  and  homogeneous 2      6 

19.     Shaly  parting 2 

18.     Fine-grained,  lithographic  stone  equivalent  to 

basal  member  of  the  Lewis  quarry 1 

17.     Coarse  dolomiticlayer 1 

16.     Fine-grained,  laminated  layer 1 

15.     Coarse,  granular  dolomite  in  beds  ranging  from 

six  inches  to  a  foot  in  thickness 4 

14.     Shaly  parting 6 

13.     Bed   with   lithographic    nodules  embedded  in 

granular  matrix 1      2 

12 .  Heavy  layer  which  is  dolomitic  below  and  partly 
lithographic  above.  The  lithographic  portion 
is  joined  to  the  coarser  dolomite  by  a  wavy 

and  irregular  line 1      2 

11.     Shaly  band,   variable  in   thickness,  averaging 

abot'.t 6 

10.     Heavy  layer  of  crystalline  dolomite 1      6 

9.     Shaly  parting 2 

8.  Thick  layer  of  limtstone,  coarse  and  granular 
at  the  base,  upper  six  inches  partly  litho- 
graphic    > 1      6 

7.     Hard,  light  gray,  lithographic  stone 1      1 

6      Shaly  decayed  limestone 1 

5.  Light  gray,  crystalline  limestone,  good  build- 
ing stone 1      2 

4.  Evenly  bedded,  yellowish  dolomite,  good  qual- 
ity, quarried  for  building  stone  at  many  points 
in  the  county,  layers  ranging  up  to  a  foot  or 

more  in  thickness,  no  fossUs 9 

3.  Irregularly  and  indefinitely  bedded  dolomite, 
much  checked  and  cut  by  joints,  carries 
numerous  casts  of  Athytis  vittata  and  other 
species  characteristic  of  the  same  horizon. 
This  member  will  be  referred  to  in  subsequent 

parts  of  this  report  as  the  Athyris  zone 12 

2.  Two  heavy,  irregular,  non-laminated,  dolomitic 
beds,  containing  many  shapeless  cavities  lined 

with  calcite. 5 

1.  Magnesian  limestone,  partly  dolomitic,  in  regu- 
lar layers 15 

The  coarse,  heavy,  structureless  beds  of  number  2  are  quite 
constant  over  an  area  of  considerable  extent,  and  they  afford  a 
good  datum  line  on  account  of  the  ease  with  which  they  can  be 
recognized  in  all  the  cliff  exposures  from  above  Mitchell  to  three 
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or  four  miles  below  Osage.  Number  3  is  also  very  persistent,  the 
most  characteristic  fossil  in  all  the  sections  along  the  Cedar  river 
being  Athyris  vittata.  Numbers  4  and  5  are  the  most  important 
of  the  building  stone  beds  in  the  county.  They  are  quarried  at 
Orchard  near  the  southern  boundary,  and  near  St.  Ansgar  in  the 
northwestern  quarter.  The  upper  part  of  number  12  and  the 
whole  of  13  appear  to  be  the  equivalent  of  the  thick  lithographic 
bed  with  calcite  crystals,  numbered  5  in  the  section  below  the  level 
of  the  Lewis  quarry.  This  seems  to  be  a  very  variable  member 
of  this  part  of  the  Devonian  section,  for  at  the  Frank  Niokerson 
quarry,  on  the  river  bluflf  a  little  more  than  a  mile  and  a  half 
south  of  Osage,  it  is  divided  into  three  distinct  parts  with  a  thin 
band  of  coarse  dolomite  between  the  upper  part  and  the  one  next 
below.  The  equivalents  of  the  Lewis  quarry  beds  are  noted  in 
giving  the  de!ails  of  the  several  members  from  18  to  24  inclusive. 
Li  this  section  there  is  more  of  the  limestone  overlying  the  litho- 
graphic beds  than  was  seen  at  any  other  point  in  the  county. 


Fio  49.  Cliff  below  the  wagon  bridge  In  the  northeast  quarter  of  flection  28,  township 
98,  range  17.  There  are  folded  and  brecciattd  beds  at  the  base  of  the  cliff;  the  litho- 
graphic limefltone  appears  at  the  top. 
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In  the  northwest  Vt  of  section  28,  township  98,  range  17,  one- 
fourth  of  a  mile  below  the  electric  power  plant  and  two  miles  west 
oT  Osage,  there  is  an  interesting  cliff. (Fig.  49),  which  shows  beds 
ranging  down  fifteen  or  twenty  feet  below  No.  1  of  the  Chandler 
cliff  section.  These  lower  beds  have  been  deformed  and  crushed 
on  an  extensive  scale,  the  crushing  having  taken  place  before  the 
overlying  beds  of  the  Chandler  cliff  were  deposited.  One  of  the 
larger  and  flatter  of  the  arches  into  which  the  beds  were  thrown 
appears  to  the  right  of  the  middle  of  the  view.  The  crushing  and 
folding  havG  been  more  energetic,  or  at  least  more  effective,  on 
each  side  of  the  arch.  Immediately  to  the  left  the  crushing  seems 
to  have  been  more  perfect  than  elsewhere  in  this  exposure,  and 
the  broken  fragments  of  the  original  beds,  ranging  from  a  frac- 
tion of  an  inch  to  more  than  a  foot  in  diameter,  are  now  standing 
at  every  possible  angle  (Fig.  50).  In  some  cases  a  certain  amount 
of  continuity  may  be  traced  from  fragment  to  fragment  of  the 
same  bed,  the  pieces  showing  very  clearly  that  they  are  the  con- 
stituent parts  of  a  collapsed  arch,  but  in  general  the  displaced  and 


Fio.  50.     Near  view  of  the  crush  breccia  at  the  base  of  the  cliff  shown  in  figure  49. 
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broken  portions  of  the  several  beds  are  promiscuously  jumbled 
together  in  perfect  disorder.  The  matrix  is  composed  of  very 
finely  comminuted  fragments  of  the  original  beds  mixedi  with 
finer,  gray,  granular,  argillaceous  limestone.  It  is  probable  that 
the  entire  matrix  is  detrital.  Toward  the  right  of  the  view  there 
are  several  small  arches,  sharply  curved  and  more  or  less  broken. 
This  section  shows  all  the  strata  from;  the  crushed  zone  up  to  the 
lithographic  bed  No.  7  of  the  Lewis  quarry. 

Near  the  northwest  comer  of  section  1,  and  the  northeast  comer 
of  2,  township  97,  range  17,  there  are  some  fine  precipitous  rocky 
bluffs!  showing  the  equivalent  of  the  breeciated  zone  at  the  base, 
overlain  by  the  successive  members  of  the  Chandler  cliflf  section. 
The  lithographic  layers,  differing  but  slightly  from  the  corre- 
sponding beds  at  the  Lewis  limekiln,  have  been  quarried  on  the 
brow  of  the  hill,  on  land  belonging  to  Mr.  Nickerson.  The  Wilkin 
brothers  have  a  large  quarry,  or  series  of  quarries,  in  section  1,  at 
which  point  the  beds  equivalent  to  5  and  7  of  the  Lewis  section  are 
more  than  usually  laminated.  The  beds  of  the  crushed  zone  at 
the  bottom  of  the  cliff,  show  rather  gentle  folding,  the  folds  being 
broken  and  breeciated  at  only  a  few  points,  and  these  of  limited 
extent  A  rather  majestic  looking  cliff  on  the  south  side  of  the 
river,  near  the  center  of  section  34,  township  98,  range  17,  repeats 
the  details  of  the  Chandler  section ;  and  another  cliff  south  of  the 
center  of  section  28,  affords  nothing  but  a  repetition  of  the  same 
details.  At  the  last  named  point  the  crushed  zone  is  concealed  by 
talus.  Another  similar  cliff  belonging  to  the  Chandler  group, 
occurs  on  the  south  side  of  the  river,  south  of  the  middle  of  sec- 
tion 21. 

Rock  Exposures  Near  Orchard.— The  Devonian  limestone  lies 
within  a  few  feet  of  the  surface  of  the  upland  plain  in  and  around 
Orchard.  The  Bartlett  quarry  in  the  eastern  edge  of  the  village 
is  simply  a  pit  sunk  below  the  level  of  the  plain.  Only  the  upper 
lithogi'aphic  beds  are  here  exposed,  and  they  contain  the  usual 
stromatoporoids  seen  in  No.  9  of  the  Lewis  quarry.  A  short  dis- 
tance above  the  railway  bridge  over  Spring  creek,  there  is  a 
quarry  in  the  low  bluff  of  the  stream;,  beginning  at  the  level  of 
the  water.  The  horizon  is  that  of  the  evenly  bedded  dolomite, 
No.  4  of  the  Chandler  section.    The  quarry  is  capable  of  furnish- 
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ship  98,  range  18,  the  road  ia  cut  through  ledges  of  the  litho- 
graphic zona  Between  the  Athyris  bed  at  the  quarries  near  the 
bridge  south  of  St.  Ansgar  and  the  lithographic  beds  one  mile 
farther  south,  the  difference  in  level  is  thirty-five  feet  The 
equivalents  of  3,  5,  7  and  9  of  the  Lewis  quarry  are  readily  recog- 
nized. The  stromatoporoids  of  No.  9  are  better  preserved!  than 
those  of  the  corresponding  bed  near  Osage  and  Orchard.  They 
are  also  more  numerous,  and  the  individual  colonies  are  larger; 
and  yet  they  fall  far  short  of  the  enormous  development  which 
the  stromatoporoids  of  this  bed  attain  near  Nora  Springs  and 
Mason  City.  While  the  characteristics  of  the  lithographic  beds 
are  probably  more  constant  over  widie  areas  than  those  of  any 
other  zone  in  northeastern  Iowa,  at  this  exposure,  two  and  one- 
half  miles  south  of  St  Ansgar,  the  several  layers  vary  in  the  most 
unexpected  manner  within  a  very  short  distance.  At  the  north 
end  of  the  exposure  the  beds  are  of  the  usual  unaltered  litho^ 
graphic  type;  toward  the  south  end,  not  more  than  thirty  feet 
away,  the  section  involving  the  very  same  beds  is  nearly  all  dolo- 
mite. In  the  dolomitized  parts  of  No.  9  the  stromatoporoids  are 
represented  by  rough,  spongiose  masses  from  which  the  original 
structures  of  the  fossils  have  been  wholly  or  partially  dissolved. 
In  the  road  one-fourth  of  a  mile  directly  west  of  St.  Ansgar,  the 
Athyris  bed,  with  its  usual  association  of  fossils,  is  well  shown; 
and  the  quarry  located  above  the  bridge  and  west  of  the  river, 
three-fourths  of  a  mile  southwest  of  the  town,  is  worked  in  the 
dolomite  which  lies  above  the  Athyris  zone.  There  are  exposures 
in  the  east  bluff  of  the  river  north  of  the  bridge  at  Newburg, 
which  show  the  Athyris  bed  and  the  overlying  dolomite.  In  the 
small  gullies  eroded'  in  the  sides  of  the  bluff,  blocks  of  litho- 
graphic stone  occur  with  other  waste  material  near  the  level  of  the 
upland,  but  no  lithographic  beds  were  here  seen  in  place.  The 
s'rata  here  dip  to  the  north,  and  the  Athyris  beds  disappear  below 
the  level  of  the  water  in  the  mill  pond,  near  the  center  of  section 
14.  It  seems  probable  that  it  is  tliese  exposures  east  of  Newburg 
that  Whitney  describes  on  page  311  of  HaH's  report  on  the  Geol- 
ogy of  Iowa.  The  Spirifer  which  Whitney  mentions  as  resem- 
bling Spirifer  mucronatus  is  doubtless  the  SpiHfer  snbvcmcosus 
of  the  Athyris  zone,  found  near  the  southern  end  of  the  exposure. 
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litiiographic  beds  of  the  Lewis  quarry,  is  seen  at  the  west  end  of 
the  mill  dam  at  Mitchell.  At  the  level  of  the  water  below  the  dam 
there  are  two  feet  of  beds  belonging  to  the  breodated  horizon. 
No.  1  of  the  Chandler  section  is  represented  by  eleven  feet  of  reg- 
ularly bedded  dolomite  which  is  divided  by  a  six  inch  band  of 
shale  about  three  and  a  half  feet  from  the  top.  T!he  coarse,  un- 
p( ratified  bed  with  calcite-lined  cavities,  /No.  2  at  the  Chandler 
cliff,  presents  the  usual  characteristics  and  the  usual  thickness. 
The  soft  yellowish  limestone  with  casts  of  Athyris  is  reduced  to 
five  feet.  This  is  followed,  however,  by  five  feet  of  harder  dolo- 
mite in  which  fossils  could  not  be  detected,  but  which  should 
doubtless  be  clajssed  as  part  of  the  Athyris  bed.  Above  this  the 
evenly  bedded  quarry  stone,  No.  4  at  Chandler's,  has  a  thickness 
of  fifteen  feet,  and  this  is  overlain  by  three  heavy  ledges  of  hard 
dolomite  which  would  fumisb  excellent  material  for  bridlge  piers 
or  for  lime  burning.  Quite  an  amount  of  stone  has  been  taken  out 
here  toward  the  top  of  the  bluff  at  tlie  horizon  of  No.  4.  A  num^ 
ber  of  other  quarries  have  been  operated  within  a  mile  of  Mitchell. 
There  is  one,  for  example,  west  of  the  river  in  the  northwest  14 
of  section  8,  and  there  are  quarries  on  both  sides  of  the  river  in 
the  southwest  14  o^  section  5.  All  makfe  use  of  the  evenly  bedded 
stone  belonging  to  the  horizon  of  No.  4  at  the  Chandler  cliff. 

St.  Ansga/r  Exposures.— T!^eaT  the  northeast  comer  of  section 
35,  township  99,  range  18,  a  mile  and  a  half  south  of  St.  Ansgar, 
two  quarries  have  been  opened  at  points  only  a  few  rods  apart. 
In  both  the  stone  is  highly  magnesian,  ip  general  dolomitic.  The 
lower  beds  of  the  north  quarry  are  rich  in  casts  9f  brachiopods, 
Athyris  vittata  being  the  most  common  and  the  most  characteris- 
tic. Casts  of  Spirifer  suhvaricosns  are  not  uncommon,  and  in  one 
of  the  layers  Atrypa  reticularis  is  plentiful.  The  fossils  indicate 
at  once  the  horizon  of  the  Athyris  bed  at  Chandler's  cliff.  In 
both  of  these  quarries  it  is  the  evenly  bedded  dolomite.  No.  4, 
above  the  Athyris  horizon,  that  is  worked.  The  south  quarry  is 
operated  by  C.  H.  Sherman  of  St.  Ansgar,  and  is  prodlidng  a 
durable  stone,  excellent  for  rough  masonry.  The  range  of  the 
beds  from  two  to  thirty  inches  in  thickness  makes  it  possible  to 
select  stone  suited  to  any  desired  purpose.  One  mile  south  of  the 
quarries  noted  above,  near  the  northeast  comer  of  section  2,  town- 
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ship  98,  range  18,  the  road  is  cut  through  ledges  of  the  litho- 
graphic zone.  Between  the  Athyris  bed  at  the  quarries  near  the 
bridge  south  of  St.  Ansgar  and  the  lithographic  beds  one  mile 
farther  south,  the  diflFereDBoe  in  level  is  thirty-five  feet  The 
equivalents  of  3,  5,  7  and  9  of  the  Lewis  quarry  are  readily  recog- 
nized. The  stromatoporoids  of  No.  9  are  better  preserved  than 
those  of  the  corresponding  bed  near  Osage  and  Orchard.  They 
are  also  more  numerous,  and  the  individual  colonies  are  larger; 
and  yet  they  fall  far  short  of  the  enormous  development  which 
the  stromatoporoids  of  this  bed  attain  near  Nora  Springs  and 
Mason  City.  While  the  characteristics  of  the  lithographic  beds 
are  probably  more  constant  over  wide  areas  than  those  of  any 
other  zone  in  northeastern  Iowa,  at  this  exposure,  two  and  one- 
half  miles  south  of  St  Ansgar,  the  several  layers  vary  in  the  most 
unexpected  manner  within  a  very  short  distance.  At  the  north 
end  of  the  exposure  the  beds  are  of  the  usual  unaltered  Utho^ 
graphic  type;  toward  the  south  end,  not  more  than  thirty  feet 
away,  the  section  involving  the  very  same  beds  is  nearly  all  dolo- 
mite. In  the  dolomitized  parts  of  No.  9  the  stromatoporoids  are 
represented  by  rough,  spongiose  masses  from  which  the  original 
structures  of  the  fossils  have  been  wholly  or  partially  dissolved. 
In  the  road  one^-f ourth  of  a  mile  directly  west  of  St.  Ansgar,  the 
Athyris  bed,  with  its  usual  association  of  fossils,  is  well  shown; 
amd  the  quarry  located  above  the  bridge  and  west  of  the  river, 
three-fourths  of  a  mile  southwest  of  the  town,  is  worked  in  the 
dolomite  which  lies  above  the  Athyris  zone.  There  are  exposures 
in  the  east  bluff  of  the  river  north  of  the  bridge  at  Newburg, 
which  show  the  Athyris  bed  and  the  overlying  dolomite.  In  the 
small  gullies  eroded'  in  the  sides  of  the  bluff,  blocks  of  litho^ 
graphic  stone  occur  with  other  waste  material  near  the  level  of  the 
upland,  but  no  lithographic  beds  were  here  seen  in  place.  The 
strata  here  dip  to  the  north,  and  the  Athyris  beds  disappear  below 
the  level  of  the  water  in  the  mill  pond,  near  the  center  of  section 
14.  It  seems  probable  that  it  is  these  exposures  east  of  Newburg 
that  Whitney  describes  on  page  311  of  Hall's  report  on  the  Geol- 
ogy of  Iowa.  The  Spirifer  which  Whitney  mentions  as  resem- 
bling Spirifer  mucronatus  is  doubtless  the  Spirifer  syJ)varicosvs 
of  the  Athyris  zone,  found  near  the  southern  end  of  the  exposure. 
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The  surface  markings  of  the  two  Spirifers  are  very  mjuch  alike. 

There  are  a  number  of  stony  hiUs  with  rock  near  the  surface,  in 
aeotions  12  and  13,  township  99,  range.  18,  from  one  to  two  miles 
north  of  St  Ansgar.  In  section  13  the  railway  foUowis  the  base 
of  a  stony  escarpmenit  which  sets  off  the  upland  prairie  from  the 
Cedar  river  valley.  One-eighth  of  a  mile  north  of  the  bridge  over 
Turtle  creek  in  section  13,  there  is  an  exposure  that  has  been 
quarried.  The  rock  is  evenly  bedded  and  seems  to  be  the  equivar 
lent  of  the  qua;iry  stone  south  of  St.  Ansgar,  the  equivalent  of 
No.  4  of  the  Chandler  cliff  section. 

There  are  some  good  exposures  in  the  vertical  bluffs  on  the 
west  side  of  the  river,  in  the  northeast  Vi  of  section  3,  township  99, 
range  18.  Stone  has  been  quarried  at  a  number  of  points. 
Quarrying  begins  at  the  top  of  a  talus  slope,  fifteen  feet  above  the 
base  of  the  diff.  The  breast  of  the  quarries  includes  twelve  feet 
of  heavy,  non-laminated,  vesicular  dolomite  which  is  overlain  by 
four  feet  of  laminated  bedis  which  may  be  split  into  thinner  slabs 
as  desired.  The  upper  part  of  the  Athyris  zone  is  here  included 
in  the  workable  quarry  beds,  the  layers  of  this  zone  being  much 
firmer,  audi  the  bedding  more  regular,  than  is  the  case  farther 
pouth.  The  fossils  are  represented  by  cavities  rather  than  casts. 
Three-fourths  of  a  mile  below,  and  on  the  opposite  side  of  the 
stream',  is  the  Hanson  quarry  which  works  only  the  laminated 
beds  of  the  section  desoribedl  above,  together  with  the  uppermost 
portion  of  the  heavier,  vesicular  beds  beneath. 

Otranto  Exposures.— Only  the  lower  inembers  of  the  sections 
around  Osage  are  represented  near  Otranto.  The  highest  beds 
.  exposed^  in  this  region  belong  to  the  Athyris  horizon,  and  these 
differ  somewhat  in  texture,  color  and  fossil  contents  from  the  cor- 
responding beds  farther  down  the  river.  In  the  southeast  14  of 
the  southwest  %  of  section  28,  township  100,  range  18,  there  are 
outcrops  of  the  Athyris  zone  in  the  form  of  soft,  granular,  cream^ 
colored  limestone  which  breaks  up  into  irregular,  shapeless  pieces 
on  weathering.  The  beds  are  quite  fossiliferous.  Atrypa  retic 
idaris  is  the  most  common,  but  the  typical  Athyris  vittata  is  not 
rare.  Directly  north  of  the  last  point,  in  the  southeast  14  ^^  the 
northwest  l^  of  the  same  section,  there  is  a  quarry  from  which  a 
considerable  amount  of  stone  has  been  taken  out.     The  rock  is 
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soft,  yellow,  coarse-grained,  very  vesicular  and  rich  in  casts  of 
Atrypa  reticularis.  There  are  also  casts  of  Athyris  vittata,  and 
Didasma  iawensis,  a  species  occurring  in  some  places  very 
abundantly  at  this  horizon,  appears  more  rarely.  There  runs 
through  this  quarry  a  band  of  dark  shaly  carbonaceous  material 
which  has  been  mistaken  by  the  quarrymen  and  others  for  indica- 
tions of  coal.  There  is  an  opening  near  the  mill  at  Otranto  show- 
ing the  same  vesicular,  yeflow  limestone  seen  at  the  quarry  just 
described.  The  same  stone  appears  in  the  bluff  a  short  distance 
above  the  Otranto  bridge.  It  crope  out  at  a  number  of  places 
along  Otter  creek  northeast  of  Otranto,  a  good  exposure  occurring 
a  short  distance  north  of  the  southeast  comer  of  section  15, 
Otranto  township. 

Exposures  West  of  Cedar  River  on  Rock  Creek  cmd  Deer 
Creek.— In  the  northwest  i/4  of  the  northeast  14  of  section  17, 
township  97,  range  17,  a  short  distance  above  the  bridge  over 
Rock  creek,  there  is  a  small  opening  which  shows  bed  No.  3  of  the 
Lewis  quarry  section,  and  all  the  overlying  beds  up  to  the  mantle 
of  waste  and  broken  stone  above  No.  9.  In  all  this  region  the 
limestone  lies  very  near  the  surface ;  it  is  exposed  in  natural  sec- 
tions in  the  low  banks  of  the  creek ;  quarries  might  be  opened  at  a 
score  of  points  if  the  demand  for  building  material  justified  the 
labor  and  expense. 

The  Gopelrud  quarry  is  locatedi  in  the  northeast  14  of  the  north- 
east 14  of  section  22,  township  98,  range  18.  It  is  opened  along 
the  south  bank  of  Roek  creek  for  a  distance  of  200  yard's.  The 
individual  beds  vary  within  short  distances,  but  near  the  middle 
of  the  opening  there  are  at  the  bottom  a  number  of  more  or  less 
perfectly  lithographic  layers  ranging  from  an  inch  to  ten  inches 
and  aggregating  four  feet  in  thickness.  This  is  followed  by  a 
heavy,  stromatoporoid  bearing  bed,  two  and  a  half  feet  thick,  in 
which  occur  a  small  branching  Favosites,  an  Alveolites  with  small 
tubes  resembling  A.  rockfordensis,  and  some  colonies  of  Diphy- 
phyllum.  Above  the  stromatoporoid  bed  are  two  to  five  feet  of 
granular,  decayed  dolomite  which  furnished  casts  of  a  Cyrtina. 
The  limestones  exposed  at  this  point  embrace  the  lithographic 
zone,  but  they  show  quite  an  amount  of  variation  in  the  several 
members  of  the  section  when  compared  with  the  standard  section 
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at  the  Lewis  quarry.  The  stromatoporoid  bed,  the  equivalent  of 
No.  9,  is  much  thicker  than  it  is  near  Osage,  and  it  has  assumed 
more  of  the  characteristics  of  this  bed  as  it  is  developed  near 
Mafion  City  and  Nora  Springs.  The  variationB  in  the  individual 
beds  recall  the  interesting  section  in  the  roadside  two  and  a  half 
males  south  of  St.  Ansgar.  A  bed  that  is  lithographio  in  ooe  plaoe 
may  be  changed  to  dolomite  within  a  few  yards;  what  is  a  single 
layer  in  one  part  of  the  quarry  may  be  divided  into  two  or  mors 
distinct  layers  in  another  part 

Near  the  middle  of  the  north  line  of  section  8,  Newbuarg  town- 
ship, there  is  an  interesting  section  in  the  south  bank  of  Deer 


Pig.  62.    Fbldod  beds  of  the  brccclatod  zone  In  the  bank  of  Deer  creek,  near  the  middle 
of  the  north  lino  of  flection  8,  Newburg  township. 

creek  (Fig.  52),  which  aflFords  the  best  example  of  complex  fold- 
ing seen  in  the  county.  The  stone  is  an  earthy  dolomite,  and  is 
destitute  of  fossils  as  far  as  could  be  observed.  The  cliff  is  from 
fifteen  to  eighteen  feet  in  height,  and  all  the  beds  have  been 
thrown  into  a  succession  of  undulating  folds  as  shown  in  the 
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figure.  Although  the  beds  contain  no  fossils,  and  no  recognized 
members  of  the  Devonian  section  of  the  county  are  present  to  in- 
dicate their  stratigraphic  relations,  the  outcrop  may  be  referred 
without  much  hesitation  to  the  horizon  of  the  crushed  and  bree- 
dated  zone  in  the  lower  part  of  some  of  the  sections  near  Osage. 
The  folds  resemble  those  seen  at  the  base  of  the  cliff  below  the 
Wilkin  Brothers'  quarry.  It  is  only  at  the  breociated*  horizon  that 
any  indications  of  crushing  and  brecoiation  have  been  observed  in 
Mitchell  county. 

Exposures  on  the  LitUe  (7eeiar.— There  are  several  quarries  and 
exposures  within  a  radius  of  one  or  two  miles  of  Brownville. 
Rock  crops  out  in  a  section  six  feet  in  thickness,  in  the  bank  of  the 
river  below  the  mill,  but  it  is  all  so  much  weathered  that  its  char- 
acters are  obscured  A  quarry  on  the  Mosher  faj'm,  about  two 
miles  up  the  stream,  furnished  a  good  grade  of  heavy  stone  for 
the  abutments  of  the  bridge  at  Brownville.  The  Moss. quarry  on 
Beaver  creek,  in  the  southeast  %  ^f  section  30,  Jenkins  township. 
Is  woiked  in  evenly  bedded  magnesian,  or  dolomitic  limestone.  It 
is  opened  for  a  distance  of  fifteen  or  twenty  rods  along  the  bank 
of  the  creek,  and  the  individual  bedls  vary  considerably  when 
traced  from!  one  part  of  the  quany  to  another.  Some  bluish,  non- 
dolomitic  pieces  lying  loose  in  the  bottom  of  the  quarry  show 
traces  of  Atrypa  and  Spirifer,  and  these  were  the  only  fossils  ob- 
served in  the  entire  outcrop.  There  are  exposures  of  magnesian 
limestone  below  Brownville,  as  far  as  the  southeast  14  ^^  the 
southwest  14  of  section  32  in  the  southwestern  part  of  Douglas 
township.  Above  Brownville  the  outcrops  are  more  numerous 
and  more  important.  Stone  crops  out  along  the  stream  for  some 
distance  above  and  below  the  town  of  Little  Cedar.  In  the  north- 
east 1/4  of  the  southeast  l^  of  section  22,  Liberty  township,  there 
is  a  quarry  furnishing  good  range  stone  from  what  is  the  equiva- 
lent of  No.  4  at  the  Chandler  cliff,  the  horizon  from  which  comes 
most  of  the  quarry  stone  of  Mitchell  county.  Along  the  north  line 
of  the  same  section  the  lithographic  bedte  are  exposed  at  the  level 
of  the  upland  prairie.  The  rook  section  here  evidently  repeats  the 
sections  near  Osage.  In  the  west  bank  of  the  river,  one-half  mile 
southeast  of  Stacyville,  a  qua.rry  hasi  been  opened  in  dolomitic 
limestone  of  fairly  good  quality.    The  layers  range  from  three  to 
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fonrteen  inches  in  thickness.  The  quany  is  overlaib  by  a  large 
amount  of  decayed  stone,  particularly  on  the  west  side;  farther 
east  the  stripping  includes  a  fairly  well  developed  bed  of  rusty 
Buchanan  gravel  of  late  Kansan  age,  and  above  this  tbero  is  a 
loess-like  deposit  overlying  some  glacial  bowldters.  No  fossils 
were  seen  in  the  quarry  bads  in  place,  but  in  some  weathered 
blocks  there  were  traces  of  Idiostroma,  a  form  occurring  at  Iowa 
City  below  the  level  of  the  lithographic  zone. 

Exposures  Near  McIntire.—IAmeetone  is  exposed  at  the  mill 
southeast  of  Mclntire.  It  occurs  in  even  and  regular  beds  nang- 
ing  from  two  to  fourteen  inches  in  thickness.  As  in  many  other 
oases,  however,  the  stone  is  variable  at  the  same  horizon;  any 
given  bed  may  be  unaltered  limestone  in  one  place  and  granular 
dolomite  in  another.  On  the  south  side  of  a  small  ravine  south  of 
the  mill,  a  large  amount  of  stone  has  been  taken  out.  At  one  point 
the  quarry  face  shows: 

WMn.   tiv. 

5.    Loess 6 

4.     Decayed,  magnesian,  granular  limestone 2 

3.    Laminated  lithographic  stone 3 

2.    Solid,  granular,  fossiliferotis    bed    containing 
Stromatopora,  Pavotites,  Atrypa,  Spiriferand 

Cyrtina 1      S 

t.    Thin-bedded,  partly  lithographic  stone 2 

In  some  parts  of  the  exposure  the  upper  portion  of  No.  ^2 
weathers  into  thin,  irr^ular,  earthy  chips;  in  places  it  i«  «oUd 
lithographic  stone.  In  the  small  creek  bed  betwoen  the  qimny 
and  the  null  there  are  firm,  dolomitic  beds  below  the  level  of  No. 
1,  six  to  eight  inches  in  thickness.  In  a  small  opening  north  of 
the  ravine  the  lithographic  characteristics  of  2  and  3  at^  b^th^f 
developed  and  approach  in  perfection  of  fineness  and  homo- 
geneity some  of  the  best  examples  of  lithographic  stone  sonthxr^t 
of  Osage.  The  Mclntire  quarries  on  the  \Va]wpiniotni,  in  {\>^ 
northeastern  part  of  the  county,  include  the  IkmIr  that  are  q\iAvH<H! 
near  the  top  of  the  exposures  around  Osaffo  and  Otvhani,  in  the 
valley  of  the  Cedar. 
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GENERAL  DEVONIAN  SECTION. 

8.     Magnesian  limestone  above  the  lithographic  zone, 

represented  nsnally  by  weathered  chips  6 

7.     Lithographic  zone > 9 

6.    Assemblage  of  variable  beds  between  the  litho- 
graphic zone  and  the  evenly  bedded  quarry  stone  15 
5.     Quarry  stone,  No.  4  of  the  Chandler  cliff  section. .  10 

4.     Athyrisbed 12 

3.     Coarse,  vesicular  bed  with  calcite-lined  cavities...     5 
2.     Regularly  bedded  dolomite  at   base   of  Chandler 

section 15 

1 .     Folded  and  brecciated  zone  15 

FleiBtocene  System. 

KANSAN   STAGE. 

Kanscm  Drift. — Tlie  Kansan  stage  is  represented  in  Mitchell 
county  by  the  Kansan  till  and  the  Buchanan  gravels.  Over  the 
greater  part  of  the  county  the  diepositB  of  the  Kansan  stage  have 
been  concealed  by  the  later  lowan;  but  in  the  pronounced  loess- 
Kansan  areas  extending  from  above  Mitchell  to  below  Osage, 
tiiere  is  no  lowan  drift  This  region  seems  never  to  have  been 
occupied  by  lowan  ice.  The  surface  deposits  are  made  up  of  loess 
resting  on  residual  days  or  on  weathered  and  reddened  Kansan 
till.  On  the  hill  south  of  the  west  end  of  the  bridjge  at  Mitchell 
there  are  good  exposures  showing  the  red  ferretto  zone  of  the 
Kansan  overlain  by  a  heavy  body  of  lowan  loess.  The  same  rela^ 
tions  are  shown  on  the  hills  west  and  southwest  of  Osaga  A  pos- 
sible explanation' of  the  absence  of  lowan  drift,  and  the  develop- 
ment of  loess-Kansan  characteristics  in  the  axisi  of  the  Cedar  river 
trough,  is  given  in  connection  with  the  discussion  of  the  topogra- 
pjiy  of  this  anomalous  area.  The  unweathered  blue  Kansan  till, 
with  splintered  fragments  of  wood  from  the  Aftonian  forests,  is 
exposed  in  wells  and'  other  artificial  excavations.  It  underlies  the 
surface  over  the  greater  part  of  the  county. 

Buchamcm  Grat^eZs.— Buchanan  gravels,  laid  down,  as  described 
in  the  report  on  Howard  county,  in  the  form  of  eskers,  valley 
trains  and  outwash  aprons,  at  the  time  of  melting  of  the  Kansan 
ice,  are  extensively  developed  in  Mitchell  county.  There  is  a 
typical  pit  of  the  upland  phase  of  the  gravels  a  short  distance 
southwest  of  Osage,  in  the  northwest  l^  of  section  35,  township 
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98,  range  17.  The  deposit  is  very  ferrugincms  and  T^^eather 
stained.  Most  of  ihe  crystalline  pebbles  are  profoundly  altered 
andf  decayed.  The  section  shows  four  feet  of  very  rusty,  cross- 
bedded  sand  overlain   by  from  four   to  six  feet  of  coarse,  fer 


Fig.  53. 


Pit  of  Buchanan  gravel  overlain  by  lowan  loess,  in  the  northwest  quarter  of 
section  35.  township  98,  range  17. 


niginous  gravel  (Fig.  53).  Along  with  the  northern  granites  and 
greenstones  are  some  fragments  of  the  local  lithographic  lime- 
stone, and  it  is  interesting  to  note  that  the  limestone  has  suffered 
less  from  weathering  than  most  of  the  crystalline  pebbles.  Above 
the  gravel  is  a  mantle  of  fresh  lowan  loess.  There  is  no  lowan 
drift  The  pit  is  located  in  the  midst  of  an  area  of  pronounced' 
loess-Kansan  topography,  on  a  knob  which  rises  eighty  feet  above 
the  level  of  the  river.  Low  ground  to  the  south  and  southeast  of 
the  knob  has  evidently  been  occupied  by  lowan  ice.  A  short  dis- 
tance west  of  Mitchell  is  another  pit  of  rusty  Buchanan  gravel 
similarly  located  in  a  loess-Kansan  area  which  rises  conspicu- 
ously above  the  level  of  the  adjacent  lowan  plain. 

Beds  of  Buchanan  gravel  are  to  be  found  in  every  part  of  the 
county.  Trains  of  gravel  follow  the  valleys  of  the  Wapsipinicon 
and  the  Little  Cedar.  Along  the  Cedar  river  the  gravel  occurs 
most  frequently,  not  in  the  valley,  but  on  the  bluffs  overlooking 
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the  stream.  At  Mitchell,  for  example,  old,  femiginaus  gravel 
lies  on  the  sumimit  of  the  cliff  illustrated  in  fijgure  51.  Extensive 
deposits  are  also  found  on  the  uplands  remote  from'  streams.  It 
is  not  practicable  to  mention  specifically  all  the  outcrops ;  the  de- 
posits seem  to  be  most  common  in  Jenkins  and  Douglas  town- 
ships. 

lOWAN    STAGE. 

lowan  Drift.— The  yellow  clays  and  large  coarse  granite 
bowlders  of  the  lowan  drift  are  distributed  over  nearly  the  entire 
county.  No  fresh  railway  outs  or  well  sections  were  seen,  from 
which  details  relating  to  thickness  could;  be  obtained,  but  the  level 
or  slightly  undulating  topography,  so  universal  in  all  the  spaces 
between  the  major  streams,  affords  trustworthy  evidence  oon- 
oeming  the  geographical  distribution  of  this  comparatively  young 
sheet  of  till.  Figure  42  illustrates  two  characteristics  of  the  lowan 
drift— first,  the  level,  unbroken,  uneroded  plain  in  which  the  sur- 
face remains  precisely  as  it  was  left  at  the  time  of  the  withdrawal 
of  the  lowan  glaciers,  and  second,  the  large,  coarse,  granite 
bowlders  which  in  some  areas  are  liberally  sprinkled  over  the  sur- 
face. Compared  with  Chickasaw,  Bremer  and  Buchanan  coun- 
ties, large  bowldlers  are  very  rare  in  Mitchell.  That  shown  in 
figure  42  is  the  largest  seen  in  this  county. 

lowan  Loess.—The  large  loess-Kansan  area  beginning  above 
Mitchell  and  extending  to  the  southeast  ^4  o-f  section  36,  township 
98,  range  17,  a  mile  and  a  half  south  of  Osage,  is  covered  with  a 
mantle  of  typical  lowan  loess.  In  accordance  with  its  habit  near 
the  lowan  margin,  the  loess  is  thickest  on  the  highest  points.  It 
is  always  best  developed  on  surfaces  that  never  received  any  de- 
posit of  lowan  drift,  surfaces  that  were  never  overflowed  by 
lowan  ice,  surfaces  that,  at  the  time  of  loess  deposition,  were 
extra-marginal  so  far  as  the  lowan  glaciers  were  concerned.  The 
conditions  for  loess  deposition  were  met,  even  long  distances  back 
from  the  actual  lowan  margin,  whenever  prominent  areas  of  any 
kind!  or  size  rose  above  the  level  of  the  glacier  surface.  All  the 
hills  south  and  west  of  Osage  rise  above  the  level  of  the  adjacent 
lowan  plain,  and  all  are  loess-covered.  A  cut  made  to  accommo- 
date the  wagon  road  in  the  southeast  \i  of  section  27,  in  Osage 
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township,  reveals  a  section  of  rather  dark-colored  and  silioeous, 
granular  loess  eleven  feet  in  thickne^.  A  little  more  than  a  mile 
south  of  main  street,  Osage,  the  road  between  sections  35  and  36 
cuts  through  a  heavy  bed  of  typical  yellow  loess  indistinguishable 
from  that  occurring  around  the  lowan  margin  in  Delaware  and 
Dubuque  counties.  At  Mitchell  there  is  a  good  seotion  of  loess 
a  few  rods  west  of  the  wagon  bridge;  there  is  another  on  the  hill 
slope  south  of  the  bridge ;  other  sections,  too  numerous  for  spe- 
cifio  reference,  occur  throughout  the  Osage-Mitchell,  loess-Kansan 
island.  By  comparing  figures  46  and  42,  the  differences  in  the 
lopographio  features  of  loess^Kansan  areas  and  the  average 
lowan  plain  may  be  readily  appreciated.  Typical  loess  is  devel- 
oped along  Spring  creek,  a  very  good  illustration  occurring  in  the 
northwest  %  of  section  32,  township  98,  range  17.  Loess  also 
occurs  along  the  Little  Cedar  at  various  points  between  Stacy- 
ville  and  the  southern  line  of  the  county.  There  is  a  small  area  of 
loess-Kansan  along  Eock  creek,  in  sections  8  and  17,  township  97, 
range  17,  and  there  is  quite  a  bed  of  loess  above  the  rock  section 
at  Mdntire. 

Supra-Iowan  Loess.^Some  of  the  loess  of  Mitchell  county  is 
distributed  in  a  manner  that  is  altogether  unusual  in  regions  near 
the  actual  lowan  margin.  Superposition  of  loess  on  Kansan 
drift,  or  on  any  drift  older  than  the  lowan,  is  the  relation  gener- 
ally observed,  but  loess  on  a  level  lowan  plain  is  so  unusual  as  to 
excite  surprise.  Nevertheless,  in  Mitchell  county,  there  are  ex- 
tensive areas  of  the  average  lowan  plain  covered  with  a  thin 
veneer  of  gray  or  ashen  loess,  from  a  few  inches  to  a  foot  in  thick- 
ness. A  broad  belt  of  tbis  thin  loess,  three  to  six  miles  in  width, 
occurs  west  of  the  Little  Cedar,  a  concrete  example  of  which  may 
be  seen  on  the  west  side  of  the  streajn  along  the  line  between  Lin- 
coln and  Douglas  townships,  and'  for  two  miles  or  more  along  the 
same  line  projected  westward  in  the  northern  part  of  Lincoln.  A 
part  of  the  same  belt  is  well  shown  in  the  vicinity  of  Stacyville. 
West  of  the  Cedar  there  are  a  number  of  areas  veneered  with  the 
thin  gray  supra-Iowan  loess.  An  instructive  illustration  was 
noted  in  the  south  half  of  section  17,  township  98,  range  17,  where 
the  rain-cut  trenches  by  the  roadside  showed  from  eight  to  ten 
inches  of  loess  superposed  on  lowan  till.    The  gray  pebbleless 
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loess  was  sharply  set  off  by  color  and  composition  frQm  the  yellow 
glacial  till  with  its  numerous  pebbles  and  cobblestonesL  It  was 
aet  off  from  the  till  in  another  way,  for  the  two  deposits  are  not 
eroded  with  equal  facility,  and'  an  overhanging  shelf  of  loess 
formed  a  projecting  cornice  along  the  upper  part  of  the  walls  of 
the  small  gullies.  The  same  facts  may  be  observed  northwest  of 
Mitchell,  some  distance  away  from  the  borders  of  the  loess- 
Kansan  island.  This  same  type  of  loess  is  well  developed  in  the 
region  about  Mona.  On  these  loess  areas  the  soil  in  the  cultivated 
fields  shows  much  lighter  in  color  than  the  black  loam  developed 
on  ordinary  lowan  drift. 

lowcm  Terriw?e5.— Sand  terraces  of  lowan  age  were  seen  at  in- 
tervals along  the  valley  of  the  Cedar  river.  Similar  deposits  may 
be  present  in  the  valleys  of  the  other  streams,  but  none  were 
noted.  A  broad  terrace,  rising  fifteen  feet  above  the  present  flood 
plain  of  the  river,  occurs  in  the  northwest  14  o^  the  northwest  i/4 
of  section  34,  township  98,  ran^e  17.  The  sand  used  in  connection 
with  building  operations  at  Osage  comes  largely  from  this  local- 
ity. Cross  bedding  is  a  common  feature  of  the  deposit  The 
upper  zone  for  two  feet  or  more  is  stained  with  humus,  but  the 
rest  is  clean  quartz  sand  as  fresh  and!  unaltered  as  when  it  was 
laid  down.  The  material  is  young  as  compared  with  any  phase  of 
the  Buchanan  gravels.  The  deposit  is  to  be  correlated  with  the 
fresh  terrace  sands  of  lowan  age  occurring  along  the  Iowa  river 
near  Iowa  City.  The  difference  in  age  between  these  young,  fresh 
sands  deposited  from  floods  when  the  lowan  ice  was  melting,  and 
such  old  weather  stained,  ferruginous  sands  and  gravels  of  late 
Kansan  age  as  are  illustrated  in  figure  53,  is  almost  immeasurably 
great.  Near  the  center  of  section  21  of  the  same  township  there 
is  another  broad  terrace  of  lowan  sands  covering  an  area  of  sev- 
eral acres.  Like  the  precedinj?  its  upper  surface  is  not  more  than 
fifteen  or  twenty  feet  above  ^b.e  level  of  the  water  in  the  river. 

Deformations  and  Unconformities. 

The  folding  and  crushing  seen  in  the  brecciated  zone  at  the  base 
of  the  Devonian  section  (Figures  49,  50  and  52)  afford  the  only 
examples  of  deformation  of  geological  strata  seen  in  the  county. 
TPhe  only  unconformities  worthy  of  note  are  those  between  the 
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gladal  deposits  and  the  Devonian  limestonesi,  and  between  the 
eroded  surface  of  the  deposits  belonging  to  the  Kansan  age  and 
the  overlying  lowan  drift  and  lowan  loess. 

Soils. 

The  soils  of  Mitchell  county  are  not  very  varied,  but  all  possess 
a  high  order  of  merit  One  type,  the  rich  black  loom  developed  on 
the  surface  of  the  lowan  drift,  is  the  most  widely  distributed  and 
oovers  much  more  than  half  of  the  entire  area.  On  account  of  its 
general  distribution  it  may  be  regarded  as  the  characteristic  soil 
of  the  county,  and  in  all  respects  the  most  important.  In  point  of 
((uality  it  is  equal  to  the  besit  This  soil  is  rich  in  organic  matter 
and  in  all  the  forme  of  plant  food  that  arise  as  primary  or  seoondi- 
ary  products  of  organic  decay.  The  lowan  till  is  also  rich  in  lime 
carbonate  and  other  soluble  mineral  substances,  a  quality  which 
malces  this  soil  especially  well  adapted  to  the  production  of  cereals 
and  grasses.  Both  phases  of  the  loess, — ^the  thickl  yellow  supra- 
Kansan  and  the  thin  gray  supra-Iowan,— give  rise  to  soils  of  ex- 
cellent quality.  All  the  soils  of  the  county  are  mellow  and  easily 
cultivated,  and  so  are  in  striking  and  agreeable  contrast  with  the 
stiff,  intraotible  clay  soils  of  many  lees  favored  r^ons.  The 
soils  will  always  be  the  chief  source  of  wealth,  agriculture  will 
always  remain  the  principal  industry  of  the  county.  On  these 
facts  the  people  of  Mitchell  county  may  well  congratulate  them- 
selves. Agriculture  is  the  noblest  of  callings.  Every  man  en- 
gaged in  it  contributes  something  to  the  success  and  well  being  of 
humanity.  It  offers  sure  rewards  to  intelligently  directed  effort 
as  no  other  occupation  can.  It  affords  an  escape  from  labor 
troubles  and  from  ^contact  with  the  vice  and  poverty  and  wretch- 
edness that  develop  to  such  an  alarming  extent  around  some  of 
the  great  organized  industries.  It  produces  the  best  types  of  self 
reliant  manhood  and  womanhood,  and  this  is  a  contribution  to  the 
state  and  to  humanity  at  large  that  is  better  than  wealth. 

EOONOMIO  PRODUCTS. 

Building  Stone. — ^Exposures  of  Devonian  limestones  and  dolo- 
mites are  unusually  numerous  in  this  region  when  compared  ^7ith 
other  prairie  counties,  and  so  no  neighborhood  is  very  far  re- 
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moved  from  quarries  of  available  bnilding  stone.  All  the  quar- 
ries and  openings  of  special  importance  have  been  previously 
noted  in  discussing  the  typical  sections  of  the  indurated  rocks. 
The  principal  horizons  from  which  building  stone  is  obtained  are 
the  lithographic  zone  and  the  regularly  bedded  dolomite  nun^ 
bered  4  in  the  Chandler  cliff  section.  SouthnTest  of  Osage  the 
lithographic  limestone  is  quarried  more  than  any  other,  while 
near  Mitchell  and  St  Ansgar  it  is  the  dolomite  tiiat  is  worked  tiie 
most  Along  the  Little  Cedar  from  Stacyville  to  Brownville  the 
quarries  are  mostly  operated  in  the  dolomdtic  horizon,  but  at  Mc- 
iitire  on  the  Wapispinioon,  the  lith(^raphic  stone  is  included  in 
the  beds  frcmi  which  building  material  is  obtained.  West  of  the 
C^ar,  the  quarries  on  Bock  creek  work  the  equivalent  of  the 
lithographic  zone.  The  Athyris  bed  becomes  usable  and  is  quar- 
ried near  Otranto,  aad  there  appears  no  good  r^eason  who  the  dolo- 
mite numbered  1  of  the  Chandler  section  should  not  be  found  as 
useful  as  any  other.  At  present  there  are  no  shipping  quarries 
in  the  county.  All  now  worked  have  been  opened  to  meet  the  imn 
mediate  local  demand. 

Lvme. — ^All  the  lime  at  present  burned  in  the  county  is  made 
from  the  fine-grained,  non-magnesian  lithographic  stone.  The 
largest  producer  is  Mr.  George  Lewis  who  operates  a  large 
draw  kiln  southwest  of  Osage.  Work  is  not  carried  on  contin- 
uously for  the  reason  that  the  amount  produced  is  governed  by 
the  demand  in  the  local  market  The  lime  is  of  good  quality 
and  serves  an  excellent  purpose  if  used  soon  after  it  is  burned. 
It  has  the  disadvantage  of  all  non-magnesian  limes  in  that  it 
air  slacks  readily,  a  fact  that  interferes  with  its  being  shipped  far 
or  kept  in  stock  for  any  length  of  time.  Lime  is  also  made  by 
Mir.  Ritter  one-half  mile  northeast  of  the  Lewis  quarry,  the 
stone  used  being  from  the  same  lithographic  horizon.  Some 
of  the  dolomite  which  lies  below  the  lithographic  stone  would 
make  a  lime  having  better  shipping  and  keeping  qualities  than 
that  now  produced.  Lime  from  dolomite  is  also  intrinsically 
better  than  that  made  from  pure  limestone  in  the  fact  that  it 
sets  more  slowly,  sets  harder,  and  makes  a  firmer  bond. 

Lithographic  Stone.— The  beds  of  the  lithographic  zone  are 

knp^yn  to  range  from  Le  Roy  in  Minnesota  to  Iowa  City  in 
•:.••  '•:  •••  •  • 
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Johnson  coanty,  Iowa.  In  general  they  lack  the  fine  even 
grain  which  would  mate  them  nseful  in  lithographic  printing;* 
but  the  band  comprising  the  upper  eight  or  nine  inches  of  No. 
3  of  the  Lewis  quarry  section  is  remarkably  fine-grained  and 
hcxnogeneons,  and  test  samples  of  it  were  sent  to  the  great 
lithographing  establishment  of  A.  Hoen  &  Co.  of  Baltimore. 
Reports  of  the  tests  were  very  favorable,  in  the  language  of  (me 
communication  the  stone  ^^is  quite  as  satisfactory  for  the  finer 
process  of  lithographic  engraving  as  it  is  for  the  ordinary 
transferring  and  printing  processes."  On  mailing  a  few  trans- 
fer impressions  pulled  from  the  sample  of  lithographic  stone 
submitted  for  trial,  the  statement  was  made  that  ''these 
impresfidons  are  as  good  as  the  original  would  give  and,  if  de- 
fective, the  defects  are  due  to  the  original  and  not  to  the  stone 
from  whidi  they  were  printed.*'  The  lower  part  of  No.  5, 
as  well  as  the  upper  part  of  No.  3,  se^ns  to  be  fine  enough  for 
good  lithographic  work.  The  only  discouraging  feature  of  the 
case  lies  in  the  fact  that,  so  far  as  the  quarries  have  been 
opened  tbebeds  are  badly  checked  as  shown  in  figures  47  and  48. 
making  it  difficult  to  get  slabs  of  nseful  size.  To  have  oommer- 
cial  value  the  quarries  should  be  capable  of  affording  pieces 
ranging  from  30x42  inches  up  to  42x64.  It  may  be  possible 
that,  as  the  quarries  are  worked  farther  in  from  the  surface, 
the  objectionable  checks  may  not  be  so  numerous^  and  that 
Mitchell  county  may  add  to  its  industries  the  production  of  a 
high  gprade  of  lithographic  stone. 

Road  Materials. — ^The  general  distribution  and  the  great  nimi- 
ber  of  rock  exjxwures  in  the  county  bring  the  possibility  of 
usii^  crushed  stone  for  road  imi>rovement  within  reach  of 
almost  every  neighborhood,  and  the  time  will  certainly  come 
when  many  of  the  more  important  roads  will  be  covered  with 
macadam.  Buchanan  gravel  is  also  available  in  almost  every 
part  of  the  county  and  offers  a  means  for  the  improvement  of 
the  highways  at  once  cheap  and  convenient 
'  Clays.-^The  Pleitocene  deposits  contain  the  only  clays  seen 
in  the  area  under  discussion.  Glacial  clay  from  either  of  the 
drift  sheets  contains  so  many  pebbles  as  to  interfere  some- 
what with  its  use  in  the  manufacture  of  brick,  tile  and  other 
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day  products,  though,  in  the  case  of  the  yellow  lowan  drift  at 
least,  the  diflSculties  are  not  iimurmountable.  On  the  other 
hand  the  loess  clays  are  too  siliceous  for  use.  No  day  working 
plants  are  at  present  operated  in  the  county. 

Iron  Ore.— Small  beds  of  limonite  are  found  at  various  places 
throughout  Mitchell  county.  A  fairly  typical  example  of  these 
deposits  occurs  a  few  rods  east  of  the  brieve  which  spans  the 
stream  a  short  distance  northeast  of  the  village  of  Little  Cedar. 
Neither  the  thickness  nor  the  extent  of  the  ore  body  at  this 
point  could  readily  be  ascertained'.  By  far  the  most  important 
deposit  of  iron  ore  is  seen  at  the  top  of  the  bluff,  a  few  rods 
north  of  the  west  end  of  the  bridge  at  Mitchell.  The  bed  is  con- 
cretionary, but  quite  solid.  A  thickness  of  sixteen  feet  is  ex- 
posed. The  ore  lies  in  an  old  dmnnel  cut  in  the  Devonian  lime- 
stone. There  are  many  quartz  pebbles  included  in  it  Masses  rang- 
ing up  to  six  feet  in  diameter  are  found  on  the  steep  slope  between 
the  bottom-  of  the  ore  body  and  the  level  of  the  water  in  the 
river.  The  ore  at  this  point  is  at  least  pre-Kansan  ini  age,  for 
it  is  overlain  by  a  bed  of  typical  Buchanan  gravel  which,  in  turn, 
is  overlain  by  the  much  younger  lowan  loess.  The  lateral  limits 
of  the  ore  body  could  not  be  ascertained  on  account  of  the 
heavy  mantle  of  younger  deposits  which  effectually  conceal  it 
fromi  view,  but  concretionary  masses  of  the  limonite  were  seen 
in  the  wash  by  the  roadsides  on  the  west  side  of  the  river,  more 
than  a  quarter  of  a  mile  back  from  the  bridge. 

Coal,— For  many  years  there  has  been  a  great  deal  of  interest 
felt  by  the  people  of  Otranto  in  .supposed  indications  of  ooal 
The  black,  carbonaceous  band  running  through  the  quarry  in 
the  southeast  ji  of  the  northwest  y^  of  section  28,  townsbip 
100,  range  18,  has  been  noted  on  a  preoedintg  page.  Wells 
at  a  number  of  points  in  and  around  Otranto  have  penetrated 
this  black  shale,  and  hopes  of  finding  workable  ooal  have  been 
aroused  and  persistently  entertained.  Near  Mona,  according  to 
report,  a  well  driller  found  two  inches  of  ooal  at  ai  depth  of 
thirty-eight  feet^  and  six  inches  at  a  depth  of  forty  feet  It  is 
said  that  drilling  stopped  in  light  shale,  but  the  depth  of  the 
light  shale  could  not  be  ascertained.  At  less  than  100  feet  the 
Majjuoketa  might  be  reached.    It  is  needless  to  say  that  there 
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was  kept  until  a  depth  of  490  feet  was  reached,  after  which 
samples  were  carefully  taken  audi  a  veiy  satisfactoiy  record 
is  available.  Through  the  kindness  of  Mayor  Humbert  the  Sur- 
vey was  supplied  with  a  set  of  samples  from  which  has  been 
compiled  the  following  section  of  the  strata  penetrated  by  the 
drill: 

THICK* 


14.  Light  buff,  crystalline  dolomite,  beginning 
at  a  depth  of  490  feet,  represented  by  four 
samples  at  490,  520,  530  and  540  feet  in 

depth  respectively 50       540 

13.     Limestone  effervescing  freely  in  cold  hydro- 
chloric acid,  light  gray  in  color,  six  sam- 
ples at  560,  575,  585,  595,  600  and  625. .. .       85        625 
12 .     Yellowish  limestone  with  pyritic  crystals  and 

small  nodules,  two  samples  at  630  ::nd  640      15        640 
11.     Light  gray  limestone  with  py rite,  one  sam- 
ple         5       64S 

10.  Dark  gray  limestone  mixed  with  small  chips 
of  lighter  gray  from  No.  11,  some  grains 
of  pyrite,  one  sample 10       655 

9.     Dark   gray  shaly    limestone,   pyritic,   one 

sample ', 5       660 

8.     Dark  gray  limestone  mixed  with  chips  of 

green  shale 10       670 

7.     Greenish  shale 5       675 

6.  Slaty  gray  shale  with  some  small  flakes  of 
limestone  and  crystals  of  pyrite,  two  sam- 
ples at  690  and  695 20       695 

5.  Dark  green  shale  with  a  few  small  bits  of 
limestone  and  grains  of  clean,  white,  wa- 
ter-worn ,  quartz  sand 20        715 

4 .  Clean ,  clear ,  water- worn,  quartz  sand  mixed 
with  some  chips  of  green  shale  from  No. 
5,  three  samples  at  725,  740,  and  750.  sand 
at  750  a  little  finer  that  that  above 35        750 

3.     Yellowish  sand  finer  than  any  in  No.  4 10       760 

2 .     Greenish ,  marly  shale  with  some  sand  grains 

and  small  chips  of  limestone 10       770 

1.     Fine  gray  sand  with  well  rounded  grains, 

some  shale 10        780 

In  this  section  numbers  1-4  are  Saint  Peter  sandstone.  Num- 
bers 5-13  represent  the  non-dolomitic  phase,  and  14  the  dolomi- 
tized  phase,  of  the  Galenar Trenton.  In  addition  to  the  samples 
noted  in  the  section  above,  there  are  two  others  that  presumably 
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oome  from*  points  above  the  490  foot  level.  They  are  marked 
No.  1  and!  No.  2  respectively,  but  no  depth  is  given  in  either 
case.  No.  1  is  a  mixture  of  light  green  and  dark  gray  shale 
which  might  possibly  oome  from  the  Maquoketa  formation.  No. 
2  is  a  light  colored  limestone. 

At  St  An^ga^  a  well  was  in  the  process  of  boring.  The  drill 
had  reached  a  depth  of  160  feet,  the  last  sixty  feet  being  in  the 
Maquoketa  shales. 

Water  Powers. 

Water  powers  have  been  developed  on  all  the  three  principal 
streams  of  the  county.  For  example,  there  are  mills  on  the 
Wapsininicon  at  Mdntire  and  Riceville.  Mills  have  been  built 
at  Staoyville  and  Brownville  on  the  Little  Cedar.  On  the  Cedar 
river  there  are  mills  at  Otranto,  Newburg,  below  St.  Ansgar, 
at  Mitchell,  and  at  a  point  two  miles  west  of  Osa^e.  That  we^•t 
of  Osage  illustrates  the  manner  in  which  all  possible  water 
powers  are  certain  to  be  utilized  in  the  future,  namely,  in  the 
development  of  elctrical  energy  and  its  transmission  to  points 
where  it  may  render  service  to  the  inhabitants  of  town  and  farm. 

SUMMART. 

Mitchell  county  lies  wholly  within  the  Devonian  area  and 
within  the  area  properly  belonging  to  the  lowan:  drift.  The  val- 
ley of  the  Cedar  river  is  the  bottom  of  a  broad  trough  in  the 
surface  of  nortiieastem  Iowa,  which  has  Cresco  and  Calmar  on 
one  rim'  and  Wesley  in  Kossuth  county  on  the  other.  Northeast 
of  the  Cedar  the  general  surface  slopes  strongly  toward  the 
southwest,  but  the  streams  of  the  region— including  Crane 
creek,  the  many  branches  of  the  Wapeipinicon,  and  the  Little 
Cedar— flow  toward  the  southeast,  their  courses  being  nearly  at 
right  angles  to  the  direction  of  the  greatest  slope.  The  position  of 
the  Cedar  river,  at  the  bottom  of  the  great  troug-h,  probably  ex- 
plains the  unusual  preglacial  characteristics  of  the  valley  and 
the  presence  of  loess-Kansan  islands  so  far  from  the  actual  mar- 
gin of  the  lowan  drift. 

The  indurated  rocks  are  Devonian  limestones  and  dolomites, 
they  all  belong  to  one  stage,  and  the  aggregate  thickness  of  all 
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tile  beds  exposed  in  the  county  doeei  not  exceed  ninety  feet.  The 
dip  of  the  strata  coincides  very  nearly  with  the  general  slope  of  the 
surface!,  and  so  practically  the  same  beds  are  seen  at  the  numerous 
•  points  where  indurated  rocks  are  exposed.  The  lithoigraphic  zone, 
which  is  so  constant  a  feature  of  the  Devonian  limestones  of 
Iowa,  is  unusually  well  developed,  and  certain  parts  of  these 
beds  are  fine  grained  and  homogeneous  enough  to  be  used  in  the 
better  grades  of  lithographic  printing,  provided  blocks  of  the 
desired  sizes  can  be  obtained.  Quarry  stone  suitable  for  rough 
masonry  is  abundant  and  is  available  in  almost  every  part  of 
the  county.  Material  for  lime  making  is  plentiful  and  of  good 
quality.  Workable  clays  are  scarce.  There  is  no  possibility  of 
finding  coal.  It  is  possible,  and  highly  probable,  that  in  the 
future  quarrying  and  lime  burning  will  be  developed  into  in- 
dustries of  far  greater  importance  than  they  have  yet  attained. 
With  the  splendid  quality  and  inexhaustible  resources  of  the 
soils  of  the  county,  agriculture  and  related  industries  must  al- 
ways remain  the  principal  oocupatiQp  of  the  people,  the  chief 
productive  source  of  wealth. 
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DISCUSSION   or  THE 
Requisite  Qualities  of  LitHo^rapHic  Limestone, 

WITH 
REPORT  ON  TESTS  OF  THE 

LitHogrtepHic    Stone    of   Mitchell    County*.   Iowa. 


By  /k    D,  Hoen.* 


In  order  that  a  good  understanding  may  be  had  of  the  subject 
of  this  article,  it  will  be  neoessary  to  give  a  description  of  the 
process  of  lithography  and  the  prindples  on  which  it  depends  for 
its  successful  working.  Tlhese  principles  are  very  simple  in  na- 
turei 

In  the  dawn  of  the  preceding  century  Alois  Senefelder,  a  young 
Bavarian  playwright  and  composer,  to  save  expense,  sought  some 
cheap  means  of  prodiucing  editions  of  his  works.  He  first  tried 
copper  engraving,  but  as  the  plates  were  quite  expensive  and  the 
use  of  the  same  plate  for  subsequent  engraving  involved  the 
tedious  grinding  out  of  the  existing  engraving  and  the  resurfac- 
ing of  the  metal,  he  found  his  means  and  time  inadequate.  He 
.  had!  been  using  slabs  of  Solenhofen  limestone  as  mortars  on  which 
to  grind  and  mix  his  copper  plate  inks.  In  the  absence  of  a  suit- 
able piece  of  paper,  be  one  day  made  a  memorandum  on  a  clean 

^  As  noted  in  the  body  of  the  report  on  Hitobell  county,  samples  of  the  lithographic  stone 
ftom  the  qnarrles  near  Osage  were  submitted  for  trial  to  the  lithographing  house  of  A.  a  Hoen  St 
Company,  Baltimore.  Mr.  A.  B.  Hoen  generously  undertook  the  task  of  subjecting  the  stones 
to  all  possible  practical  tests.  For  this  service,  and  for  the  acoompaning  discussion  of  the  qualities 
which  a  serviceable  lithographic  stone  must  possess,  the  Survey  gratefully  acknowledges  its  obliga- 
tions, ^late  Vin,  printed  on  a  sample  of  the  stone  from  Mitchell  county.  Illustrates  the  quality 
of  the  work  which  may  be  done  with  lithographic  stone  ftrom  Iowa.  S.  C. 
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slab  of  this  stone,  xmng  as  ink  a  flnid  made  of  ^vrax,  soap,  lamp- 
black and  water.  He  had  previously  nsed  this  same  preparatioii 
to  cover  np  mistakes  in  his  copper  engraving  before  etching.  It 
occurred  to  him,  on  looking  at  the  dried  writing  on  the  stone, 
that  the  same  ink  might  offer  a  good  resistance  to  add  and  that, 
perhaps,  the  letters  might  be  brought  into  relief  by  etching  and 
then  used,  as  wood  blocks  Were,  for  sorf ace  printing.  Etching 
with  nitric  add  proved  the  correctness  Off  his  reasoning  and  he 
was  able  to  ink  letters,  now  standing  in  relief,  with  an  ink  ball 
or  taia-pon  and  to  obtain  prints  from  the  inked  surfaces  by  apply- 
ing paper  under  pressure.  This,  happening  in  1798-99,  was  the 
beginning  of  lithography.  The  new  art  was  soon  in  great  de- 
mand, its  prindples  were  taught  to  some  qualified  disdples  and 
its  practice  was  begun  in  many  places.  Senefelder  in  1818  pro- 
duced an  extensive  treatise  on  his  art,  which  easily  supplanted  all 
previous  writings  on  the  subject.  It  will  be  noticed,  however, 
that  the  plates  resulting  from  the  process  as  described,  differed  in 
no  essential  feature  from  those  of  the  typographer  of  that  day 
or  of  the  present.  The  design  or  lettering  to  be  printed  was  made 
to  stand  in  relief,  so  that  only  the  raised  surfaces  would  take  ink 
from  the  inking  roller  and,  in  turn,  communicate  the  impress  to 
the  printing  paper.  From  the  beginning,  as  made  by  Senefelder, 
came  several  unexpected  results.  It  was  found,  if  ink  containing 
soap  or  grease  were  used  to  make  the  drawing  on  stone,  that  it 
was  not  necessary  to  etch  the  design  into  higb  relief,  but  that 
the  greased  parts  would  take  ink  and  the  ungreased  parts  would 
remain  deian,  provided  the  stone  was  kept  damp  during  the  opera- 
tion of  inking.  This  was  the  greatest  advance  made  in  the  art 
since  its  discovery  and  indeed  is  the  basis  of  modem  lithography. 
The  Solenhof  en  stone  is  a  oompsLoty  amorphous  limestone.  The 
deanly  polished  surface  will  absorb  water,  not  as  rapidly  as 
dmlk,  but  in  the  same  manner.  It  is  porous.  Therefore  such  a 
surface,  the  mass  having  an  aflBnity  for  water,  can  be  kept  evenly 
moist  by  wiping  or  rolling  with  a  wet  sponge  or  cloth.  As  long  as 
the  surface  of  tlie  stone  is  moist,  grease  and  greasy  or  oily  inks 
will  not  attach  themselves  to  it.  They  are  prevented,  by  the  film 
of  water,  from  actual  contact.  Conversely,  if  the  clean,  dry  sur- 
face be  covered  with  grease  or  varnish,  the  ix)res  of  the  stone  will 
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be  filled  and  the  stone  will  be  no  longer  capable  of  absorbing 
water  through  its  greased  surface.  Even  if  water  be  poured  on 
such  a  greased^  stone,  it  would  not  moisten  it  with  an  even  film, 
and  an  inking  roller  would  secure  contact  with  the  surface  and 
discharge  the  ink. 

Making  use  of  the  repugnancy  of  grease  and  Water  for  each 
other  and  of  the  power  of  the  stone  to  absorb,  we  should  expec?t 
and  find  that  a  desigm  traced  or  drawn  with  greasy  ink  or  greasy 
crayon  on  a  dean  stone,  would  fill  in  the  pores  of  the  stone  in 
those  parts  covered  by  the  design,  and  that  the  same  parts  would 
locally  repel  water  and  attract  grease  or  greasy  ink. 

The  application  and  improvements  of  mechanical  devices  to 
the  carrying  out  of  this  fundamental  principle  mark  the  stages 
in  the  progress  of  lithography  fromi  the  time  of  its  discovery  to 
the  present. 

It  migjht  be  asked',  is  the  compact  .  amorphous  limestone  the 
only  maferial  that  will  respond  to  this  dual  treatment  with  water 
and  grease?  By  no  means.  Grained  glass  will  carry  a  grease  de- 
sign for  a  short  time,  but  if  the  grease  be  washed  out  of  the  grain 
with  some  solvent,  the  design  will  be  found  to  have  disappeared 
and  cannot  be  dteiveloped  by  further  application  of  ink  and  water. 
A  design  or  image  formed  on  lithographic  stone  may  be  washed 
out  so  that  none  of  the  ink  renoains  on  the  surface,  but  may  be 
brought  back  by  treatment  with  water  and  ink  together— the  ink 
taking  to  the  previously  greased  parts  and  the  water  keeping  the 
previously  dean  parts  from  taking,  ink.  These  two  sets  of 
phenomena  lead  to  an  explanation  of  the  principles  underlying 
the  lithographic  process.  The  image  on  the  glass  could  be  re- 
moved comipletdy  by  solvents  of  grease,  but  the  image  in  the 
stone  was  more  firmly  seated  and  could  not  be  removed  by  these 
media.  Evidently  the  stone  was  affected  by  the  grease  in  a  way 
different  from  the  glass.  My  experiments  have  shown  that  if 
fixed  vegetable  or  animal  oils  be  brought  in  contact  with  clean 
dry  lim^estone,  they  will  penetrate  it,  mechanically  fill  its  pores, 
and  thus  make  a  printable  image.  This  image,  however,  may  be 
removed  if  solvents,  such  as  benzene,  be  copiously  applied  shortly 
after  the  oil  and  stone  have  been  brofught  together.  Prolonged 
action  of  the  oil  on  the  stone  leads  to  a  chemical  as  well  as  physi- 
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oal  union,  i.  el,  the  fatty  matter  not  only  fills  in  the  pores  of  the 
stone,  but  also  replaces  the  carbon  dioxide  (OO.2 )  of  the  stone  and 
forms  a  caloiumi  salt  of  the  fatty  add.  This  calcium  salt  is  in- 
soluble in  both  water  and  grease  solvents  and  the  image  thus 
formed  is  therefore  permanent.  An  image  of  likie  permanency 
may  be  formed  by  impregnating  the  stone  with  some  light  sensi- 
tive material  Which  will  attract  grease  and  repiel  Water — a^  - 
phaltmn  for  instance.  If  an*  image  be  formed  in  the  stone  with 
thin  asphalt  and  be  rendered  insoluble  in  turpentine  by  exposure 
to  sunlight  this  imiagie  will  behave,  for  all  practical  purposes^  in 
the  same  way  as  the  fatty-acid  lime  salt.  iWhen  such  an  image 
is  inked  in  the  usual  way  the  grease  of  the  ii^  ultimately  com- 
bines with  the  lime  and  the  resulting  image  is  the  same  as  pre- 
viously formed  by  direct  application  of  grease  or  oil  to  the  deam 
stone. 

As  stated  above,  the  formation  of  the  fatty-add  lime  salt,  say 
caldum  oleate,  may  be  prevented  by  solvents  if  the  latter  be 
quickly  applied.  The  oomibination  takes  place  noiuch  more  rap- 
idly if  the  fatty  add  itself  be  used  in  place  of  its  glycerine  salt. 

The  most  efficacious  means  of  all,  however,  for  produdng  this 
combinatioD  is  by  the  double  decomposition  of  an  alkali  Sjalt  ot 
the  fatty  add  (soap),  and  the  stone  by  means  of  one  of  the  min- 
eral adds.  In  other  words,  if  the  image  be  drawn  or  laid  down  on 
the  stone  with  crayon  containing  soap  and  then  etched  with  a 
solution  of  hydrochloric  add,  the  soda  of  the  soap  will  be  taken 
up  by  the  hydrochloric  add  (HCl),  the  fatty  add  will  be  set  free 
and  will  combine  inmiediately  with  the  lime  of  the  stone  to  form  a 
lime  soap.  This  forms  the  latent  image  in  lithography  and  when 
the  stone  is  washed  clean  with  water  and  turpentine  it  may  be 
faintly  seen  by  reason  of  the  difference  in  color  of  the  caldum 
oleate  from'  the  surrouning  carbonate.  The  latter  too  has  a  matte 
or  etched  appearance  on  account  of  the  action  of  the  hydrochloric 
add  (HCl). 

While  the  add  fixes  the  greasy  image  in  the  stone,  it  has  a 
further  role  to  play  in  keeping  the  ungreased  parts  clean.  It  was 
found  in  practice  that  add  (HCl  or  HNOs)  and  the  caldum 
salts  resulting  from  its  action  on  the  stone  were  far  better  than 
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plain  water  in  keeping  the  open  parte— the  tingreased  parts— 
clean.  They  filled'  the  pores  of  the  stone  and,  even  if  the  stone 
dried,  prevented  combination  with  grease  fortuitously  coming  in 
contact  with  it  A  still  further  improvement  in  this  direction 
was  made  by  the  addition  of  gum  arable  or  similar  colloid  sub- 
stance to  the  etching  fluid.  The  gum  penetrates  the  surface  of 
the  stone  and  forms  a  film  on  it  and  at  once  prevents  the  taking 
on  or  spireading  of  the  greasy  ink  and  at  the  same  time  is  ever 
ready  to  take  up  moisture.  So  firm  a  hold  has  the  gum  on  the 
stone  that  if  a  clean  stone  be  gummied  and  the  gum  allowed  to 
dry,  oil  or  greasy  ink  may  be  smeared  over  this  gummed  surface 
without  affecting  the  stone,  which  will  come  out  perfectly  clean 
on  application  of  water. 

With  these  principles  in  mind  we  may  now  look  into  the  two 
major  subdivisions  of  the  lithographic  art,  consideration  being 
had  for  the  characteristics  of  the  stone  which  facilitate  or  impede 
its  practice. 

The  first  process  is  to  apply  the  grease  locally  by  means  of  fine 
pens  or  brushes  to  the  surface  of  a  dean  stone.  If  the  stone  had 
been!  previously  grained  witji  fine  sand  the  local  application  of 
the  grease  may  be  made  with  lithographic  crayons,  which  are 
composed  of  lamp  black  and  hard  soap. 

The  gradation  of  shading  may  be  produced  with  crayon  on 
these  grained  stones  just  as  it  would  be  on  grained  drawing 
paper.  When  the  drawing  is  comiplete  a  solution  of  acid  and 
gum  in  water  is  poured  or  brushed  over  the  stone.  By  this  opera- 
tion, termed'  etching,  the  grease  or  soap  of  the  crayon  is  fixed  in 
the  stone  and  at  the  siame  time  the  clear  parte  of  the  stone,, even 
the  minute  spaces  between  pointe  of  the  grain,  are  filled  in  by  the 
acid.gumj  solution.  After  the  gum  has  dried  the  ink  or  crayon  of 
the  drawing  may  be  washed  off  with  turpentine  and  the  gum  with 
water.  While  the  water  is  still  on  the  stone  the  image  or  delinea- 
tion can  be  seen  by  reason  of  its  remaining  dry  while  the  other 
parte  hold  the  Waiter.  At  this  stage  passing  an  ink-charged  roller 
over  the  stone  will  bring  the  roller  in  contact  with  the  dry  parte 
which  will  take  ink  and  reproduce  the  origilial  drawing.  The 
stone  is  now  ready  for  printing  by  application  of  paper  under 
pressure. 
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The  seoondi  method  is  the  reverse  of  this  operation.  It  con- 
sisits  in  etahing  or  gumming  the  stone  first  and  after  the  gum  has 
thoroughly  dried  to  engrave  or  cut  through  the  gum  and  into  the 
stone,  so  that  wherever  the  design  is  cut  in,  the  virgin  stone  is 
exposed.  After  the  engraving  has  been  finished  the  whole  surface 
of  the  gummed  stone  is  covered  with  oil,  which  is  rubbed  into  the 
engraved  lines  and  allowed  to  act  on  the  stone  for  a  half  hour  or 
less.  The  stone  is  protected  by  the  film  of  gum,  except  in  those 
places  that  have  been  laid  bare  by  the  graver  and  it  is  just  these 
places  that  are  affected  by  the  grease. 

The  stone  is  kept  moist  while  printing  ink  is  rubbed  or 
*' daubed"  into  the  engraved  lines.  On  account  of  their  being 
greased,  these  lines  readily  take  ink  and  when  properly  charged 
yield  impressions  on  paper  that  is  forced  into  the  lines  by  pres- 
sure. On  account  of  the  slowness  and  diflSculty  of  printing  these 
engraved  stones,  they  are  seldom'  used  as  plates  from-  which  an 
edition  is  to  be  printed.  On'  the  other  hand,  the  fitieet  kind  of 
line  work,  such  as  maps,  script,  lettering  and  in  fact  all  kinds  of 
work  formerly  done  on  steel  or  copper,  can  be  successfully  imi- 
tated on  fine  grained  lithographic  stones. 

In  order  to  print  this  engraved  work  with  commercial  economy, 
the  engraving  is  inked  with  fatty  ink,  an  impression  is  taken<  on 
starch-coated  paper,  andl  this  impression  is  laid  dtown  on  a 
smooth,  clean  stone  and  the  two  are  brought  into  close  contact  by 
repeated  application  of  preesiure.  The  greasy  ink  leaves  the 
paper,  attaches  itself  to  the  clean  stone,  is  treated  with  gumi  and 
acid  and  a  replica  of  the  engraving  is  thus  attained  wherein  the 
lines  are  on  the  surface  of  the  new  stone  in  place  of  being  de- 
pressed, as  on  the  original.  This  process  is  the  same  in  principle 
as  that  described  under  the  first  method,  i.  e.,  it  is  a  direct  local 
application  of  the  grease  to  the  clean  stone.  It  differs  only  in 
method  of  application.  These  transfers,  as  they  are  called,  are 
used  for  power  press  printing.  A  further  advantage  derived 
from  transferring  lies  in  the  fact  fhat  the  design  transferred 
may  be  repeated  on  the  new  stone  as  often  as  the  dimensions  of 
the  design  will  go  into  those  of  the  new  stone.  Thus  an  octavo 
plate  (6x9Vi>  inches)  may  be  repeated  eight  times  on  a  19x24  inch 
stone  and  every  impression  of  the  latter  will  yield  eight  copies  of 
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the  original  engraving.  It  is  principally  through  this  transferring 
process  that  stones  of  large  size  have  lately  come  into  deiaaiid. 
A  natural  limit  to  the  sizes  of  the  stones  is  reached  when  their  in^ 
creased  weight  and  the  mechanical  difficulty  of  handling  large 
sheets  of  paper  become  factors  of  economic  imiportance.  So  it  is 
that  stones  measuring  42x64x5  inches  and  weighing  about  1,200 
pounds  are  the  largest  that  are  in  daily  use.  Indeed  even  these 
sizes  seem  to  be  almost  too  large  for  safe  handling  so  that 
36x52  inches  is  a  much  more  popular  size. 

It  was  stated  that  drawings  made  on  glass  could  be  made  to 
yield  a  few  impressions,  but  that  the  image  lacked  permanency, 
there  being  merely  an  adhesion  of  the  locally  applied  ink  to  the 
glass.  Glass  is  neither  porous,  nor  does  it  oom:bine»chemieally  or 
physically  with  grease.  On  the  other  hand,  we  found  that  litho- 
graphic stone  had  the  power  not  only  of  receiving  the  image,  but 
also  of  retaining"  it.  Between  these  extremes  of  glafis  on  tiie  one 
hand  and  stone  on  the  other  comfe  those  materials  which  have 
found  more  or  less  extended  use  in  the  lithographic  prooesB.  Zinc 
and  aluminum  are  the  chief  of  th^e  substances.  Both  are  in- 
ferior to  the  best  stone,  taking  the  quality  of  the  work  into  ac^ 
count,  and  especially  in  the  matter  of  control  while  in  the  printing 
press.  Aluminumi  printing,  however,  has  been  brought  to  such  a 
stage  that  for  some  kinds  of  work  it  offers  economic  ad*vantages, 
such  ad  lightness,  cheapness,  flexibility  (adaptation  to  rotary 
presses)  over  stone,  and,  om  this  account,  has  been  a  formidable 
rival  of  stone  printing  in  recent  years.  However,  for  the  finest 
work  nothing  has  been  found  to  equal  the  best  grade  of  litho- 
graphic stone. 

The  process  of  practical  lithography  has  been  outiined  and  it 
is  now  proposed  to  consider  lithographic  stone  and  the  qualitias 
which  make  it  fit  for  use  in  the  art. 

The  essentials  are  chemical  composition  and  texture.  Color  is 
a  modifying  attribute.  The  following  analyses  of  different 
stones,  each  of  which  has  been  successfully  printed,  shows  that 
the  chemical  constituents  may  vary  consid<erably,  notably  the 
magnesimnrcalcium  ratio.  It  is  to  be  noted  in  this  stage  of  our 
inquiry  that  the  stone  should  be  evenly  etched  on  treatment  with 
cold  dilute  acid.    This  will  not  be  possible  if  the  magnesium  is 
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ANALYSES  OF   KBi^TUCKT  AND  BAVARIAN  LITHOGRAPHIC  UMBSTONE,    AND  OF 
STONE  FROM  MITCHELL  COUNTY,  IOWA. 
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*  Chemioal  Laboratory  of  U.  8.  Geological  Survey, 
f  Analysis  by  A.  B.  Hoen. 


present  in  large  proportion.  The  extent  to  which  the  isomor- 
phous  magnesium  oarbonate  may  replace  the  lime  without  affect- 
ing the  working  qualities  of  the  stone,  has  not  been  determined. 
It  is  really  a  question  of  solubility  in  cold  acid  and  the  answer  is 
to  be  sought  by  experimenting  in  this  direction."  Cold  dilute  hy- 
drochloric add,  however,  will  readily  etch  a  very  impurelime- 
stone  when  the  impurities  are  mechanical  admixtures  of  silica 
and  alumina.  These  impurities  remain  in  the  solution  of  calcium 
chloride  as  a  muddy  sediment  and  the  etched  surface  of  the  stone 
will  show  the  roughness  due  to  resistance  of  these  insoluble  i>ar- 
ticles  to  the  add.  Impurities  of  this  kind  are  very  objectionable 
and,  if  present  beyond  a  small  percentage,  unfit  the  stone  for  use 
for  fine  engraving.  Besides  the  roughness  in  the  etching,  they 
are  apt  to  make  the  stone  uneven  in  texture,  so  that  the  graver 
would  cut  unevenly. 

The  low  percentage   of   silica   and   alumina  in  the  Mitchell 
county  stone  is  remarkable  and  is  a  deddedly  strong  point  in  its 
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favor.  The  absence  of  hygroscopic  water  may  be  acooiuited  for 
by  the  fact  of  the  stone's  having  been  for  several  months  in  a 
warm',  dry  room.  Chemically,  the  points  of  difference  between 
the  Iowa  stone  and  the  German  and  Kentucky  stones,  favor  the 
former. 

There  is  a  kind  of  impurity  which  would  not  show  in  analysis, 
yet  is  of  serious  nature  when  present  even  in  small  amount  It 
is  the  presence  of  crystals  of  caldte  throughout  the  mass  of  the 
stone  or  in  veins.  Crystalline  limestone  does  not  absorb  water 
evenly,  nor  combine  with  grease  in  such  a  way  as  to  be  aubject 
to  control.  Again,  on  account  of  the  unequal  hardness  of  the 
crystals  and  the  matrix,  it  is  not  possible  to  engrave  easily  and 
satisfactorily  on  a  stone  showing  such  defects.  Calcite  is  usually 
confined  to  veins  (faults),  but  occasionally  is  developed  in  the 
mass  of  the  stone  itself.  German  stones  rarely  show  the  latter 
phase.  Of  the  several  samples  of  Mitchell  county  stone,  those 
taken  from  layers  above  those  marked  XX  in  the  accompanying 
illustrations  are  badly  marked,  not  only  with  the  crystals  in  the 
mass,  but  by  numerous  marks  of  interruption  in  the  process  of 
sedimentation.  A  cross  section  made  perpendicularly  to  the  plane 
of  deposition  shows  the  presence  of  these  irregularities  in  compo- 
sition, as  well  as  unevenness  in  texture. 

In  the  polarising  microscope  sections  taken  even  from*  the  best 
layer,  show  a  sprinikling  of  microscopic  crystals  of  calcite  and 
when  these  are  crowded'  together  they  become  apparent  to  the 
unaided  eye  as  an  unevenness  in  the  otherwise  unbroken  color  of 
the  stone. 

The  best  German  stone  also  shows  these  microscopic  crystals  of 
calcite  and  indeed  the  whole  amorphous  groundmass  of  both  the 
foreign  and  domestic  stones  seems  to  be  bound  together  by  this 
anisotropic  mediumi. 

The  principal  layer,  however,  is  almost  free  from'  visible  crys- 
talline particles  and  it  is  from  this  layer  that  the  sample  stone 
from  which  the  accomi>anying  illustration  was  printed  is  taken. 

lithographic  stone  should  be  of  even  texture,  amorphous,  free 
from  inclusions  of  grit  and  chalk.  It  should  be  hard  enough  to  re- 
sist the  graver  to  some  appreciable  extent,  yet  not  so  hard  as  to 
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make  engraving  difScult  This  is  a  condition  that  is  difficult  to 
describe  and  cannot  be  expressed  in  terms  of  the  common  scale  of 
hardness,  althaagh  it  is  easily  learned  after  a  few  trials  with,  a 
knife  point  or  needle. 

The  soft  stones  (yellow  of  the  Solenhofen  quarry)  are  too  soft 
or  ** chalky'*  for  fine  engraving.  The  dark  blue  stones,  on  the 
contrary,  are  so  hard  that  the  engraver  has  to  apply  siuch  force 
that  the  effort  of  holding  his  tool  becomes  tiresome  and  the  tool  it^ 
self  quickly  loses  its  point  either  by  wear  or  by  breaking.  The 
hardest  stones,  however,  will  carry  the  finest  lines,  while  similar 
work  on  soft  stones  appears  rough  and  easily  wears  away.  For 
these  reasons  stones  of  intermediate  hardness,  which,  embody  the 
good  qualities  of  both  the  extremes,  are  most  in  demand  by  litho- 
graphers and  command  the  highest  price.  These  degrees  of 
hardness  are  accompanied,  in  the  German  stones,  by  a  corre- 
sponding variation  in  color.  The  soft  stones  are  of  a  yellow  ma- 
nila-paper  tint,  the  hardest  are  a  blackish  gray.  While  the  stones 
of  intermediate  hardness  are  of  a  grayish,  buff.  So  constantly 
do  these  colors  vary  with  each  other  that  stones,  otherwise  perfect, 
are  listed,  bought  and  sold,  almost  solely  on  the  basis  of  their  color. 
The  Iowa  stone  is  a  lithographic  anomaly  in  resjyect  to  its  color. 
It  is  lighter  in  shade  than  even  the  softest  of  the  yellow  German 
stones,  yet  is  of  such  fine  texture  and  of  such  comfortable  hard- 
ness that  the  engravers  who  tried  it  expressed  themselves  as  much 
pleased  with  its  behavior  under  the  needle  point  Of  course,  the 
tints  of  the  Gemntan  stone  are  the  exponents  of  varying  degrees  of 
compactness,  which  in  turn  modifies  in  a  direct  or  indirect  way 
the  more  or  less  constantly  present  percentage  of  colored  impuri- 
ties. The  very  small  proportion  of  coloring  matter  present  in  the 
Iowa  stone,  as  compared  with  the  others  given  in  the  analyses, 
affords  an  explanation  of  the  anomaly  above  referred  to. 

As  absorption  of  water  is  one  of  the  two  essential  characteris- 
tics of  lithographic  stone,  some  experiments  were  undertaken  to 
d^rmine  the  relative  absorbing  power  of  the  German  and  Iowa 
stone.  To  do  this  cubes  of  the  stone  were  made  with  faces  ap- 
proximately 2  centimeters  square.  The  surface  presented  was 
therefore  24  square  centimeters.    They  were  weighed  in  air  and 
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again  after  immersion  in  water  for  twenty  minutes  i/vith  the 
following  results: 

Bavarian  stone  absorbed 00270  gprams. 

Iowa  •'  *'        00165 

The  same  experiment  was  repeated,  allowing  the  cubes  to  re- 
nmini  in  water  twelve  hours.  The  absorption  increased  for  both 
as  shown  below: 

>  Bavarian  stone  absorbed 0333  grams. 

Iowa  •'  •*         0156         •• 

These  figures  indicate  that  the  Iowa  stone,  in  spite  of  its  light 
color,  is  denser  and  finer  grained  than  its  Bavarian  relative.  To 
determine  in  the  case  of  the  Iowa  stone  whether  this  abso(rption, 
somakedly  inferior  to  that  of  the  German,  was  suflQcient  for  prac- 
tical purposes,  a  slab  of  the  stone  about  14x20  inches  was  tried  in 
the  press,  the  printing  being  proceeded!  with  in  the  ufiual  way.  No 
difficulty  was  experienced  in  printing  an  edition  of  several  thou- 
sand copies  of  the  work,  which  was  a  transfer  of  finely  ruled  com- 
mercial engraving.  The  colored  illustration  accompanying  this 
article  was  printed  from  the  same  stone  and  it  should  be  stated 
that  the  work  wa^  undertaken  solely  to  test  the  printing  qualities 
of  the  stone  and  not  for  any  necessity  for  coloring  in  the  illustra- 
tion itself.  Following  up  the  absorption  tests,  others  were  made 
to  determine ihe  spedfic  gravities  of  the  two  stones,  which  were: 

Bavarian  stone  (gray) 2.69 

Iowa  **      (pale  cream  color) 2.71 

These  figures  accord  well  with  what  might  be  expected  from  the 
behavior  of  the  two  stones  in  the  tests  for  absorption. 

Lithographic  stone  is  not  restricted  to  any  particular  geologic 
age.  The  Bavarian  stone  is  Jurassic;  some  from)  Texas,  Creta- 
ceous; from  Kentucky,  probably  Carboniferous,  while  the  stone, 
for  which  this  comparison  is  made,  is  from  the  Devonian  strata  of 
Mitchell  county,  Iowa. 

More  significant  than  age  is  its  mode  of  occurreilce.  The  Ger- 
man stone  lies  in  nearly  horizontal  layers,  from  an  inch  or  two,  up 
to  a  foot  or  more  in  thickness.    The  aggregate  thickness  of  the 
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stratais  80  feet  (Dana).  It  is  not  much  disturbed  from  its  orig- 
inal position.  This  is  imix)rtant,  as  distnrbanoe  produoee  faults 
and  fissures  which  fill  in  subsequently  with  caldte  or  f  erraginous 
cement,  both  of  which  are  serious  blemishes  in  an,  otherwise  good 
stone. 

THie  mode  of  occurrence  of  the  Iowa  stone  can  be  seen  in  the 
illustration,  Plate  Vlll.  There  is  considerable  variation  in  the 
quality  of  the  stone  from  both  the  quarries  shown.  In  the  Gable 
quarry  the  best  layer  is  the  one  immediately  above  the  floor  of  the 
quarry.  It  is  about  2  feet  thick.  The  same  stone  is  shown  in  the 
Lewis  quarry  with  the  hammer  and  rule  leaning  against  the  fine 
grained  layer.  The  stone  from  this  layer  is  apparently  homo- 
geneous, in  the  sample  examined,  with  the  exception  of  the  bed* 
ding  marks.  It  was  noticed  in  trueing  the  stone  for  printing  that 
the  surface  plane  intercepted  planes  of  bedding  at  small  angle 
and,  SB  these  bedding  planes  always  include  foreign  material, 
their  intercepts  with  the  plane  face  of  the  stone  would  be  marked 
by  an  outcrop  of  this  foreign  material  The  bedding  planes  ap- 
pear to  be  not  quite  as  true  aa  in  the  Solenhofen  quarries.  Appre- 
dable  undulations  or  pits  were  noticed!  in  the  cleavage  surface  of 
the  sampla  It  is  hoped  that  further  exploitation  of  the  quarry 
will  yield  layers  thick  enough  to  be  planed  for  use  and  at  the 
same  time  free  from  checks  and  calcite  inclusions.  If  layers  are 
found  in  which  the  process  of  sedimentation  has  gone  on  uninter- 
ruptedly until  layers  of  2,  3  or  more  inches  in  depth  have  been  laid 
down,  there  would  be  little  doubt  as  to  the  unqualified  excellence 
of  the  deposit.  As  Professor  Calvin's  examination  was  not  carried 
beyond  an  observation  of  the  stone  exposed  on  the  side  of  the  hill 
land,  as  the  sample  submitted  for  trial  was  such  a  one  as  he  could 
detach  without  the  aid  of  a  quarryman,  there  is  reason  to  hope 
that,  as  the  surface  stone  is  removed,  larger  and  more  perfect 
slabs  may  be  obtained  from  those  portions  of  the  deposit  that  have 
not  been  subject  to  atmospheric  action. 

The  price  of  stone  varies  from  Sy^  to  17  cents  per  pound  for 
good  quality  yellow  German  stones.  The  gray  stones  bring  50 
per  cent  more.  A  table  of  the  prevailing  prices  (for  yellow 
stones)  and  corresponding  sizes  is  given'  herewith. 
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*  The  sizes  marked  with  an  asterisk  are  those  commonlj  in  use. 

It  is  to^  be  noted  that  for  jwofitable  production  of  lithographic 
stone  there  must  be  facilities  for  handling  and  there  should  be 
some  market  for  the  waste  product  As  the  quarry  must  be  oonr 
ducted  without  blasting,  the  expense  of  the  slower  process  of  gad- 
ding or  channelling  must  be  taken  into  account 

For  the  information  of  prospective  investors  the  following  table 
of  values  of  lithographic  stone  imported  into  the  United  States 
from  1868  to  1900,  inclusive,  is  given: 


YEAR  ENDING 
JUNE  30. 

VALUE. 

YEAR  ENDING 
JUNE  30. 

VAT.UE. 

YEAR  ENDING 
DEC.  31. 

VALUE. 

1868 

$  13,258 
17,044 
14,225 
21,311 
36,146 
44.937 
36,902 
41,963 
47.101 
44,503 
42,700 
37.746 

1880 

$  56,310 

77,894 

111,925 

104,313 

128.035 

54.022 

71,009 

83,182 

113,365 

78.077 

1890 

$  105,288 

107,339 

J07,777 

91,849 

74,454 

107.670 

1869 

1881 

1891 

1870 

1882 

1883 

1892 

1871 

1893 

1872 

1884 

1894 

1873 

1885 .. 

1886 

1895 

1874 

1896 

74.044 
58.922 
60.522 
86.695 
94,134 

1875 

December  31 . . 
1887 

1897 

1876 

1898 

1877 

1888 

1899 

1878 

1889 

1900 

1879 

In  recapitulation  it  may  be  stated  that  the  Mitchell  Countj' 
stone  is  at  least  as  good  in  quality  as  the  Bavarian  stone  for  litho- 
graphy in  all  its  branches  and  it  remains  to  be  determined 
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strata  is  80  feet  (Dana).  It  is  not  much  disturbed  from  its  orig- 
inal position.  This  is  imx)ortaiity  as  disturbance  produces  faults 
and  fissures  which  fill  in  subsequently  with  calcite  or  ferruginous 
cement,  both  of  which  are  serious  blemishes  in  an  otherwise  good 
stone. 

The  mode  of  occurrence  of  the  Iowa  stone  can  be  seen  in  the 
illustration,  Plate  VUL  There  is  considerable  variation  in  the 
quality  of  the  stone  from  both  the  quarries  shown.  In  the  Gable 
quarry  the  best  layer  is  the  one  immediately  above  the  floor  of  the 
quarry.  It  is  about  2  feet  thick.  The  same  stone  is  shown  in  the 
Lewis  quarry  with  the  hammer  and  rule  leaning  against  the  fine 
grained  layer.  The  stone  from-  this  layer  is  apparently  homo- 
geneous, in  the  sample  examined,  with  the  exception  of  the  bed* 
ding  marks.  It  was  noticed  in  trueing  the  stone  for  printing  that 
the  surface  plane  intercejxted  planes  of  bedding  at  small  angle 
and,  as  these  bedding  planes  always  include  foreign  material, 
their  intercepts  with  the  plane  face  of  the  stone  would  be  marked 
by  an  outcrop  of  this  foreign  material  The  bedding  planes  ap- 
pear to  be  not  quite  as  true  as  in  the  Solenhofen  quarries.  Appre- 
dable  undulations  or  pits  were  noticed'  in  the  cleavage  surface  of 
the  sampla  It  is  hoped  that  further  exploitation  of  the  quarry 
will  yield  layers  thick  enough  to  be  planed  for  use  and  at  the 
same  time  free  from  checks  and  calcite  inclusions.  If  layers  are 
found  in  which  the  process  of  sedimentation  has  gone  on  uninter- 
ruptedly until  layers  of  2,  3  or  more  inches  in  depth  have  been  laid 
down,  there  would  be  little  doubt  as  to  the  unqualified  excellence 
of  the  deposit.  As  Professor  Calvin 's  examination  was  not  carried 
beyond  an  observation  of  the  stone  exposed  on  the  side  of  the  hill 
land,  as  the  sample  submitted  for  trial  was  such  a  one  as  he  could 
detach  without  the  aid  of  a  quarryman,  tiiere  is  reason  to  hope 
that,  as  the  surface  stone  is  removed,  larger  and  more  perfect 
slabs  may  be  obtained  from  those  ix)rtions  of  the  deposit  that  have 
not  been  subject  to  atmospheric  action. 

The  price  of  stone  varies  from  3i/^  to  17  cents  per  pound  for 
good  quality  yellow  German  stones.  The  gray  stones  bring  50 
per  cent  more.  A  table  of  the  prevailing  prices  (for  yellow 
stones)  and  corresponding  sizes  is  given'  herewith. 


IOWA    GEOLOGICAL    SURVEY 


PLATE    VIII 


LITHOGBAPHIO   LIMESTONE. 


351 


VALUE  OF  LITHOGRAPHIC  STONKa 

'    - 

a 

ii 

ti 

NO. 

si:^B. 

8| 

NO. 

SIZB. 

to 

NO. 

SKB. 

So 

1" 

Cents 

Cents 

Cts. 

•  1 

16x22 

3« 

13 

26x36 

8 

*2S 

>  32x48 

13 

-     2 

18x24 

4;^ 

•14 

26x38 

9 

*26 

34x48 

13 

'-*3 

19x25 

^H 

15 

28x38 

9 

27 

35x50 

14 

4 

20x26 

5 

*16 

28x40 

10 

28 

36x50 

14 

*^ 

22x28 

6 

17 

28x42 

11 

29 

36x51 

14 

S 

22x30 

6 

18 

29x43 

12 

*30 

36x52- 

14 

7 

22x32 

6 

19 

30x40 

12 

31 

40x60. 

14 

*8 

22x34 

7 

20 

.80x43 

12 

*32 

40x62 

15 

9 

24x30 

7 

*21 

30x44 

12 

33 

42x60 

15 

10 

24x32 

8 

22 

32x43 

12 

34 

42x62 

16 

11 

24x34 

8 

23 

32x44 

12 

*35 

42x64 

16 

*12 

24x36 

8 

*24 

32x46 

13 

36 

43x64 

17 

*  The  sizes  marked  with  an  asterisk  are  those  commonl  j  in  use. 

It  is  to^be  noted  that  for  profitable  productioii  off  lithographic 
stone  there  must  be  facilities  for  handling  and  there  should  be 
some  market  for  the  waste  product  As  the  quarry  must  be  con- 
ducted without. blasting,  the  expense  of  the  slower  process  of  gad- 
ding or  chanaelling  must  be  taken  into  account 

For  the  information  of  prospective  investors  the  following  table 
of  values  of  lithographic  stone  imported  into  the  United  States 
from'  1868  to  1900,  inclusive,  is  given: 


YBAR  BNDING 
JUNE  30. 

VALUE. 

YEAR  BNDING 
JUNE  30. 

VAT.UE. 

YEAR  ENDING 
DEC.  31. 

VALUE, 

1868 

$  13.258 
17,044 
14.225 
21.311 
36.146 
44.937 
36,902 
41,963 
47.101 
44,503 
42.700 
37.746 

1880 

$  56.310 

77.894 

111.925 

104.313 

128.035 

54.022 

71,009 

83.182 

113.365 

78.077 

1890 

$  105.288 
107,339 

1869 

1881 

1891 

1870 

1882 

1883 

1892 

107,777 

1871 

1893 

91,849 

1872 

1884 

1894 

74,454 

1873 

1885 

1886 

1895 

,      107.670 

1874 

1896 

74,044 

1875 

December  31  . . 
1887 

1897 

58,922 

1876 

1898 

60.522 

1877 

1888 

1899 

86,695 

1878 

1889 

1900 

94,134 

1879 

In  recapitulation  it  may  be  stated  that  the  Mitchell  County 
stone  is  at  least  as  good  in  quality  as  the  Bavarian  stone  for  litho- 
graphy in  all  its  branches  and  it  remains  to  be  determined 


350  GEOLOGY   OF   MITCHELL   COUNTY. 

strata  is  80  feet  (Dana).  It  is  not  mucli  disturbed  from  its  orig- 
inal position.  This  is  important,  as  disturbance  produoee  faults 
and  fissures  which  fill  in  subsequently  with  calcite  or  ferruginous 
cement,  both  of  which,  are  serious  blemishes  in  an,  otherwise  good 
stone. 

The  mode  of  ooourrenoe  of  the  Iowa  stone  can  be  seen  in  the 
illustration,  Plate  VIII.  There  is  considerable  variation  in  the 
quality  of  the  stone  from  both  the  quarries  shown.  In  the  Gable 
quarry  the  best  layer  is  the  one  immediately  above  the  floor  of  the 
quarry.  It  is  about  2  feet  thick.  The  same  stone  is  shown  in  the 
Lewis  quarry  with  the  hammer  and  rule  leaning  against  the  fine 
grained  layer.  The  stone  from  this  layer  is  aipparently  homo- 
geneous, in  the  sample  examined',  with  the  exception  of  the  bed- 
ding  marks.  It  was  noticed  in  trueing  the  stone  for  printing  that 
the  surface  plane  intercepted  planes  of  bedding  at  small  angle 
and,  as  these  bedding  planes  always  include  foreign  material, 
their  intercepts  with  the  plane  face  of  the  stone  would  be  marked 
by  an  outcrop  of  this  foreign  material  The  bedding  planes  ap- 
pear to  be  not  quite  as  true  as  in  the  Solenhofen  quarries.  Appre- 
dable  undulations  or  pits  were  noticed)  in  the  cleavage  surface  of 
the  sampla  It  is  hoped  that  further  exploitation  of  the  quarry 
will  yield  layers  thick  enough  to  be  planed  for  use  and  at  the 
same  time  free  from  checks  and  calcite  inclusions.  If  layers  are 
found  in  which  the  process  of  sedimentation  has  gone  on  uninter- 
ruptedly until  layers  of  2,  3  or  more  inches  in  depth  have  been  laid 
down,  tiiere  would  be  little  doubt  as  to  the  unqualified  excellence 
of  the  deposit.  As  Professor  Calvin's  examination  was  not  carried 
beyond  an  observation  of  the  stone  exposed  on  the  side  of  the  hill 
and,  as  the  sample  submitted  for  trial  was  such  a  one  as  he  could 
detach  without  the  aid  of  a  quarryman,  there  is  reason  to  hope 
that,  as  the  surface  stone  is  removed,  larger  and  more  perfect 
slabs  may  be  obtained  from  those  portions  of  the  deposit  that  have 
not  been  subject  to  atmospheric  action. 

The  price  of  stone  varies  from  3Vi>  to  17  cents  per  pound  for 
good  quality  yellow  German  stones.  The  gray  stones  bring  50 
per  cent  more.  A  table  of  the  prevailing  prices  (for  yellow 
stones)  and  corresponding  sizes  is  given'  herewith. 
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Coal  Measures  over  almost  the  entire  ooTinty  and  states  that  they 
are  overlain  by  the  Middle  Coal  Measures.  In  the  same  volume 
Professor  Bush  Emery  gives  the  results  of  analyses  made  of  sev- 
eral samples  of  ooal  obtained  from  the  mines  then  in  operation. 

McGee*  nmkes  reference  in  his  "Pleistooene  Iowa"  of  a  com- 
plex drift  section  exposed  along  the.railroad  south  of  Albia.  Sev- 
eral references  are  made  to  the  geology  of  the  county*  in  the  re- 
ports of  the  present  Survey^  and  due  credit  will  be  given  where 
such  references  are  used  in  this  paper.  ... 

The  reix)rts  of  the  State  Mine  Inspector,  esi)ecially  the  early 
numbers,  contain  considerable  information  regarding  the  coal  and 
Coal  Measures  stratigraphy.  Some  of  the  drill  sections  will  be 
found  in  a  later  ix)rtion  of  this  report 

PHYSIOQRA.PHY. 

TOPOGRAPHY. 

Monroe  county  belongs  to  the  dissected  plain  type  of  topogra- 
phy. It  is  typically  erosional  in  character,  the  surface  features 
conforming  to  the  drainage  lines.  The  ridge  crests  rise  to  about 
the  same  level  and  when  produced  roughly  approximate  the  orig- 
inal plaiji  before  it  was  acted!  upon  by  the  streama  A  jnarked 
divide  mapped  out  by  the  Wabash  railway  bisects  the  cormty  into 
aln^^ost  equal  east,  and  west  halves.  The  streams  on  either  side 
haye  worked  headwards  completely  draining  the  area  and  produc- 
ing very  gentle  undulations  in  the  watershed  even  when  viewed 
longitudinally.  Albia  is  located  on  this  watershed  at.  a  point 
where  its  direction  changes  from  northwest-southeast  to  west  of 
south  and!  fromi  which  point  the  streams  radiate  in  practically 
eveiy  direction.  The  divide  when  viewed  broadly  inclines  gently 
to  the  north  ^s  indicated  in  the  table,  of  elevations ;  Moravia  show- 
ing an  altitude  of  1002  feet,  Albia. 959,  and  Lovilia  932.  The 
stream  valleys  and  hill  slopes  are  generally  well  wooded  while  th^ 
divides  are  prevailingly  prairie.  This  is  the  general  rule  even  in 
the  case  of  the  minor  drainage  lines.  The  maximum  general  in- 
equalities vary  from  677  feet,  low  water  level  of  the  Des  Moinas 
river  at  Eddyville,  to  about  1000  feet  on  the  Albia-Moravia  divide 
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near  the  south  county  line.  *  The  looal  inequalities  do  not  as  a  rule 
exceed  100  f6et,  although  occakonally  reaching  about  150  feet. 
The  eittire  surface  is  fairly  well  drained  anii  may  be  designated  as 
topographically  matute.  All  of  the  topographic  features  may  be 
ascribed  directly  to  stream-  work  and  can  best  be  understood  when 
studied  in  conjunction  with  the  drainage  lines. 

The  elevatiQns  of  the  principal  representative  points  in  the 
county  are  given  in  the  table  herewith  appended : 

TABLE  OF  ELEVATIONS. 


PLACE. 

Altitude 

above 

tide 

water. 

AUTHORITY. 

Albia 

Brompton , . .   . . 

Buxton 

Coalfield 

959 
950 
790.7 
727 

844.3 

948.7 
677 
€97 
685 
904 
737 
946.2 
905.5 
932.3 
891 

1001.6 
973.3 
815 
839 

Chicago,  BurHngton  &  Quincy  Railway. 
Chicago,  Milwaukee  &  bt.  Paul  Railway. 
Chicago  &  Northwestern  Railway. 
Iowa  Central  Railway. 

Chicago  &  Northwestern  Railway. 

Chicago  &  Northwestern  Railway. 

Iowa  Central  Railway. 

Chicago,  Burlington  &  Quincy  Railway. 

Iowa  Central  Railway. 

Chicago.  Milwaukee  &  St.  Paul  Railway. 

Chicago,  Burlington  &  Quincy  Railway. 

Chicago,  Burlington  &  Quincy  Railway. 

Chicago,  Burlington  &  Quincy  Railway. 

Chicago,  Burlington.  &  Quincy  Railway. 

Chicago,  Burlington  &  Quincy  Railway. 

Wabash  Railway. 

Wabash  Railway.                    ■      . 

Chicago,  Burlington  "8i  Quincy  Railway. 

Chicaeo.  Burlineton  &  Quincy  Railway. 

Consolidation  Coal  Company, 
Shaft  No.  10. 

Consolidation  Coal   Company, 
Shaft  No.  11 

Des  Moines  River,  Eddyville. . 

Dudley 

Eddyville 

Foster 

Frederick .":... 

Hagerty.   ....             

Hamilton —  ....  - 

Lovilia ......: 

Melrose 

Moravia 

Selection , .. 

Tower......   \ 

Tyrone 

DRAINAGE: 

The  streams  which  have  to  do.  directly  with  the  drainage  of  the 
county  are  unimportant  individually  with  tlie  exception  of  the 
Des  Moines  river,  which  barely  truncates  the  northeast  comer  o£ 
the  county..  With  this  exception  none  of  the  streams  are  persist- 
ent through  their  entire  courses  during  seasons,  of  .protracted 
drouth.  During  the  exceptionally  diy  year,  of  ,1901  the  majority  of 
the  streams  which  are  shown  on  the  map  were,  entirely  dry  or  re- 
duced to  a  series  of  disconnected  i>onds  and  pools.  In  many  in- 
stances, however,  the  isolated  ponds  gave  no  evidence  of  stagnau- 
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cy  but  indicated  rather  a  sub-surface  draina^  connection 
through  the  stream  gravels.  Most  of  the  streams  have  done  con- 
siderable cutting  even  to  the  tributaries  of  the  second  order,  fully 
draining  the  divides  and  giving  the  country  a  broken  appearance 


Fig.  61.    Sketch  mftp  showing  the  drainage  of  Monroe  county. 


characteristic  of  south-central  Iowa.  While  the  work  of  degrada- 
tion accomplished  by  the  streams  is  great  in  the  aggregate,  their 
energies  have  been  devoted  chiefly  to  channeling  and  but  little  has 
been  done  toward  the  production  of  broad  valleys  and  the  up- 
building of  flood  plains.  In  fact  but  few  of  the  drainage  lines 
have  mapable  flood  plains  according  to  the  scale  used  in  these  re- 
ports. While  the  distance  from'  bluff  to  bluff  may  attain  several 
hundreds  of  yards  the  steep  slopes  render  obvious  the  instability 
of  the  materials  and  greatly  limit  the  true  flood  plain  deposits. 
The  materials  in  many  of  the  stream  channels  tell  the  same  story 
by  their  coarseness  in  texture,  evidencing  the  carrying  power  of 
the  streams.  This  is  notably  true  of  all  those  directly  tributary  to 
the  Des  Moines  river. 
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The  Des  Moines  River  System.— The  Des  Moines  river,  with  its 
numeroiis  tributaries,  drains  about  thirty-nine  fortieths  of  the 
county,  the  remaining  fortieth  finds  outlet  through  the  Chariton 
system.  The  most  important  tributaries  of  the  Des  Moines  are 
Cedar  river,  Coal,  Bluff,  Gray,  Miller,  Avery  and  Soap  creeks. 
A  marked  divide  sought  out  by  the  Des  Moines  branch  of  the  Chi- 
oago,  Burlington  and  Quinc^  railroad  and  the  Wabash  and  the 
Iowa  Central  below  Albia,  separates  the  tributaries  of  Cedar 
river.  Coal  creek  and  the  Chariton  river  system  from  the  easterly 
flowing  feeders  of  the  Des  Moines.  From  the  town  of  Albia  the 
streams  flow  towards  all  points  of  the  compass  save  northwest 

The  Cedar  river,  whose  confluence  with  the  Des  Moines  is  in 
Marion  county,  with  its  leading  tributary  Coal  creek,  drains  more 
than  half  the  county.  Both  streams  flow  almost  due  north  as  they 
leave  the  confines  of  the  county  and  their  most  important  branches 
flow  in  the  same  direction,  paralleling'  the  Albia-Lovilia  divide. 
Cedar  river  proper  drains  scarcely  half  a  townsihip  while  Coal 
creek,  with  its  sinuous  bifurcating  branches  collects  the  run^off 
from  half  the  county.  Cedar  river  has  a  low  gradient  and  pre- 
sents a  narrow  flood  plain.  The  indurated  rocks  are  exposed  only 
near  the  Marion  county  line. 

Coal  creek  does  not  depart  materially  from  the  usual  type  of 
Iowa  stream,  being  asymmetric  and  receiving  the  larger  tribu- 
taries from  the  west,  in  fact,  receiving  none  worthy  a  name  from 
the  east.  From  north  to  soutli  the  branches  are  White,  Whippoor- 
will.  Bee  and  Cedar ;  the  last  being  the  most  important  and  drain- 
ing all  of  Franklin  and  portions  of  Wayne,  Guilford,  Troy  and 
Monroe  townships.  The  main  line  of  the  Chicago,  Burlington  and 
Quincy  railroad  follows  Cedar  creek  from  the  west  border  of  the 
county  to  its  junction  with  Coal  creek.  The  old  right-of-way 
closely  paralleled!  the  water  grade  while  the  new  road  cuts 
numerous  headlandls  and  is  more  or  less  independent  of  the  im- 
mediate stream  valley.  Both  Cedar  and  Coal  creeks  and  their 
northern  tributaries  have  cut  completely  through  the  drift  at  nu- 
merous points  and  expose  limited  sections  of  the  Coal  Measures. 
South  of  Cedar  creek  stream  cutting  is  confined  wholly  to  the 
drift.  All  of  the  streams  have  comparatively  narrow  valleys  and 
alluvial  deposits  are  of  scarcely  mapable  dimensions.    Terraces 
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are  not  prominent,  but  certain  poorly  defined  gravel  bendies  may 
be  viewed  along  AVhite  and  Whipporwill  creeks  in  Wayne  town- 
sbip  forty  to  fifty  feet  above  the  present  dianneL  A  fairly  promr- 
inent  terrace  may  be  serai  along  Cedar  cred^  in  Union  townsbiiK 
Fragmentary  terraces  may  be  noted  at  oilier  i)oints  but  are  so 
greatly  obscured  by  the  loess  and  reoent  wash  that  it  is  almost  im- 
possible to  trace  them  with  any  degree  of  confidence. 

East  of  the  AlbiarLovilia  divide  the  creaks  which  drain  into 
the  Des  Moines,  listing  them  from  north  to  south,  are  Bluff,  GrarV, 
Miller,  the  Averys  and  Soap  creeks;  all  flowing  approximately  at 
right  angles  to  the  divide.  Here,  as  is  the  case  with  streams  west 
of  the  divide,  those  draining  the  northern  portion  of  the  county 
have  completely  incised  the  drift  and  expose  the  indurated  loeks 
at  numerous  points.  All  of  the  streams  po:s?ss  high  ^adients 
and  all  are  yet  in  the  down  cutting  stage  a  few  miles  away  from 
the  Des  Moines  river.  Miller  and  Gray  creeks  show  numerous 
escarpments  and  give  a  very  rugged  character  to  the  adjoining 
topography. 

The  Des  Moines  river  cuts  off  from  the  northeast  corner  of  the 
county  an  isoceles  triangle  whose  base  is  scarcely  more  than  half 
a  mile  in  length.  The  river  flows  through  a  broad  valley  bounded 
by  low  bluffs  which  rise  gradually  for  some  distance  inland  until 
the  level  of  the  general  upland  is  reached  some  two  miles  back. 
The  belt  flooded  by  ordinary  high  water  is  small  as'  compared  with 
the  width  of  the  valley.  At  Eddyville  and  vicinity  the  valley 
varies  from  a  mile  to  one  and  a  half  miles  in  width,  while  the 
actual  belt  subject  to  inundation  does  not  exceed  from  one-fourth 
to  one-half  that  width.  A  well  marked  terrace  appears  some 
twenty  foot  above  low  water  level  and  can  be  traced  more  or  less 
continuously  on  one  or  both  sides  of  the  river.  Near  Eddyville 
this  terrace  is  often  rock  supported  in  part.  Terraces  at  a  higher 
I(»v(^l  cannot  be  recognized. 

The  (Uiar'don  System,— The  tributaries  representing  the  Chari- 
ton system  are  unimportant.  None  have  cut  through  the  drift 
and  none  persist  through  dry  seasons. 

Af/e  of  the  Streani/i.—A\\  of  the  tributary  streams  appear  to  be 
post-Kansan.  The  Des  Moines  river  alone  occupies  a  preglacial 
valley. 
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STRATIGRAPHY. 

GENERAL   RELATIONS   OF   STRATA. 

Monroe  county  lies  well  within  the  accepted  limits  of  the  West- 
em  Coal  Field.  The  Des  Moines  river  and  a  few  of  its  tributaries 
near  the  northeastern  comer  of  the  county  have  cut  entirely 
through  the  drift  and  Coal  Measures  and  uncover  the  Saint  Louis 
limestone.  The  Lower  Carboniferous  constitutes  the  country  rock 
for  less  than  two  square  miles  in  the  county.  The  Coal  Measures 
while  universally  present  are  quite  generally  concealed  by  the 
drift  and  only  fragmentary  exposures  may  be  observed  along  the 
drainage  lines.  The  most  important  sections  occur  in  the  north- 
em  half  of  the  county. 

The  Pleistocene  seriesi  is  represented  by  an  older  drift  sheet 
everywhere  covered  by  the  loess  save  where  removed  by  erosion. 
The  physiographic  features  in  general  are  but  little  influenced  by 
the  older  rocks. 

The  taxonomic  relations  of  the  formations  represented  in  the 
county  are  shown  in  the  following  synoptical  table : 


GROUP. 

SYSTEM. 

SERIES. 

STAGE . 

FORMATION. 

Cenozoic. 

Pleistocene. 

Recent.                      ' 

Wind  Deposits. 
Mluvium. 

Glacial. 

('>wan. 

Kansnn. 

Aftonian? 

Loess. 
Drift. 
Gravels? 

Carb  niferous. 

Upper  Carboniferous 
or  Pennsylvanian. 

Des  Moines. 

Chariton  Conglomerate. 
Appanoose  Beds. 
Monroe  Beds. 

Paleozoic. 

LowerCarboniferous 
or  Mississippian. 

Saint  Louis. 

Limestone. 
Sandstore. 

The  two  great  systems  of  rock  represented  in  the  county  are 
separated  by  an  unconfonnity  of  the  first  magnitude.    This  un- 
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conformity  means  an  enormous  time  interval  during  which  the 
surface  was  subjected  to  erosion,  a  large  proportion  of  the  Coal 
Measures  doubtless  being  removed.  The  entire  Mesozoic  and 
most  of  the  Cenozoio  rock  systems  are  wholly  unrepresented. 
The  oldest  rocks  appear  in  the  northeastern  comer  of  the  county, 
but  pass  out  of  sight  almost  immediately  away  from  the  valley  of 
the  Des  Moines  river.  The  general  dip  of  the  strata  is  to  the 
southwest  at  a  very  low  angle,  scarcely  more  than  an  average  of 
five  feet  per  mile,  while  local  undulations,  as  evidenced  by  coal 
seams,  have  dips  which  are  much  greater,  often  exceeding  five 
degrees. 

Mississippian  Series. 

SAINT   LOUIS    STAGE. 

Only  the  uppermost  member  known  to  occur  in  Iowa  is  repre- 
sented and  comprises  a  very  limited  area  in  the  immediate  vicinity 
of  the  Des  Moines  river  at  Eddyville.  Outerops  are  confined  to 
Gray  and  Miller  creeks  and  the  Des  Moines  river.  On  Miller 
creek  south  of  Eddyville  the  following  section  may  be  observed : 

FELT. 

7.     Drift  and  surface  wash 5 

6.     Shale,  arenaceous,  with  calcareoas  cement 7 

5.     Limestone,  compact,  brittle,  containing  pyrite  balls    3 
4.     Limestone,  oolitic,  evenly  bedded  and  shows  much 

shell  breccia .' 3}4 

3.     Mad,  containing  Rhynchonella  casts }4 

2.     Limestone,  compac^  lithographic,  becoming  softer 

below 4 

1.  Sandstone,   in   heavy   beds,  often  exhibiting   cross 

bedding  planes,  exposed  above  creek  bed 25 

All  of  the  beds  mentioned  above  save  number  7  are  supposed  to 
belong  to  the  Saint  Louis  and  the  sequence  is  believed  to  be  fairly 
representative  for  the  district.  Outcrops  may  be  noted  on  either 
side  of  the  Des  Moines  river  both  above  and  below  Eddyville,  but 
none  of  them  show  any  new  members  or  any  decided  variations 
from  the  type  section.  The  low  terrace  along  the  Des  Moines, 
mentioned  in  an  earlier  portion  of  tliis  paper,  is  supjwrted  by 
numbers  4  and  5  of  the  standard  section. 
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Truncattd  headland  along  Gray  creek,  sho\%inpthe  Coal  Mea-mre**  resting  unconforraably 
upon  the  Saint  Louis  limeston">.  A  thin  scam  of  coal  appears  near  the  middle  of  the 
section. 
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Along  Avery  creek  at  Dudley,  some  two  miles  from  the  Monroe 
county  line,  the  Saint  Louis  is  being  developed  on  a  considerable 
scale.  Number  6  is  more  perfectly  indurated  and  with  numbers  4 
and  5  constitute  the  chief  quarry  rock.  The  Saint  Louis  appears 
farthest  inland  along  Gray  creek  in  the  northeast  quarter  of  sec- 


Fio.  66.    Saint  Loais  limestone  in  Miller  creek  near  Eddyville. 
west  at  an  angle  of  five  degrees. 


The  beds  dip  to  the  south- 


tipn  10,  in  Pleasant  township.  Here  some  four  feet  of  the  indu- 
rated beds  of  the  Saint  Louis  may  be  viewed,  overlain  uncon- 
f ormably  by  some  forty  feet  of  Coal  Measures.  Beyond  this  point 
the  gradual  rise  of  the  surface  toward  the  divide  with  the  gentle 
dip  of  the  beds  to  the  southwest  effectually  conceals  the  Saint 
Louis. 

Pennsylvanian  Series. 

DES    MOINES    STAGE. 

The  Coal  Measures  cover  practically  the  entire  county  save 
where  removed  by  the  Des  Moines  river.  Gray  and  Miller  creeks, 
and  rest  unconformably  upon  the  Lower  Carboniferous.  Good 
exposures  showing  the  contact  between  the  Upper  and  Lower  Car- 
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boniferous  are  comparatively  rare  and  are  confined  to  those  trun- 
cated headlands  which  appear  along  Gray  creek  in  Pleasant  town- 
ship. At  these  points  the  Saint  Louis  limestone  presents  a  some- 
what uneven  surface  and  exhibits  evidence  of  weathering  and 
erosion.  These  observations  support  those  made  in  other  districts 
that  the  Coal  Measures  overlap  uuconformably  the  Saint  Louis 
and  the  contact  plane  is  very  uneven. 

The  Des  Moines  may  be  divided  into  three  sub-stages;  the  low- 
est beds  consisting  chiefly  of  shales  and  sandstones  with  several 
coal  seams  and  constituting  the  major  portion  of  the  Coal  Measure 
section  may  be  designated  the  Monroe  beds,  as  they  are  typically 
i>:i>iesented  in  Monroe  county;  a  middle  series  typically 
developed  in  Appanoose  and  consisting  of  limestones  and  shales, 
with  thin  but  persistent  seams  of  coal,  the  Appanoose  beds ;  and 
an  upper  conglomeratic  dej^sit  exposed  at  but  few  points  and 
known  as  the  Chariton  conglomerate. 

THE  M0NR02  BSDS. 

Standard  Sections. — The  best  natural  sections  of  beds  referable 
to  the  Monroe  sub-stage  appear  along  Gray,  Bluff,  CoaJ,  White 
and  Whippoorwill  creeks.  Near  the  center  of  the  northwest  quar- 
ter of  section  8,  Pleasant  township,  tlie  following  strata  are  ex- 
posed : 

FKKT       IN. 

7.     Drift,  exposed 5 

6.     Shale,  clayey 10 

5.  Coal 1 

4.  Clay 2      6 

3.  Sandstone 3 

2.  Shale 35 

1,  Coal 4 

Tho  base  of  the  coal  seam  is  just  above  the  bed  of  the  stream. 

A  secimd  sec^tion  worthy  of  mention  occurs  along  Gray  creek 
in  Bluff  Creek  township  in  the  southwest  quarter  of  section  23. 
The  sequence  is  as  follows: 

FEET. 

6.  Drift 10 

5 .  Sandstone ,  shattered 4 

4.  Sandstone 3 

3.  Shale,  blue 4 

2.  Sandstone,  gray 8 

I.     Shale,  blue,  exposed 6 
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Up  the  stream  a  short  distance  the  shaly  layers  present  a  cal- 
careous facies  and  a  thin  seam  of  coal  may  be  viewed.  Plant  re- 
mialns  weather  out  of  the  shales,  and  consist  chiefly  of  Lepidoden- 
drons.  Coal  also  appears  lower  on  the  stream.  On  the  northeast 
quarter  of  the  same  section  a  seam  two  feet  in  thickness  is  ex- 
posed. 

But  few  exposures  of  any  consequence  appear  along  Bluflf 
creek.  At  the  point  where  the  Chicago  and  Northwestern  railroad 
crosses  the  creek  in  section  5,  Bluff  Creek  township,  Coal  Measure 
beds  may  be  viewied  as  follows: 

FEET. 

3.     Shale 4 

2.     Coal.. 5 

1 .     Shale 10 

All  of  the  beds  are  covered  by  the  drift,  which  attains  a  consid- 
erable thickness  back  from  the  stream. 

On  Coal  creek  near  the  east  line  of  section  20  in  Union  township 
an  abrupt  escarpment  faces  the  creek  on  the  east  side.  Ten  feet 
of  sandstone  underlain  by  twenty-livC  i.eci:  of  sandy  shale  repre- 
sent the  bedded  rocks.  The  sandstone  shows  a  marked  tendency 
to  weather  out  into  spheroidal  bowlders.  Plate  X  is  a  photo- 
graph of  the  section.  Lower  on  the  stream  trunks  of  Lepidoden- 
drons  of  gigantic  size  are  strewn  along  the  cliff  face.  Some  of  the 
trunks  are  more  than  two  feet  in  diameter.  The  sandstone  is 
bedded  very  irregularly  and  carries  pyritic  balls,  fragments  of 
Lepidodendrons  and  coal. 

No  important  exposures  of  stratified  rocks  occur  in  Cedar  town- 
ship. On  the  east  bank  of  White  creek,  in  the  southeast  quarter 
of  section  25  an  irregularly  bedded,  conglomeratic  sandstone  out- 
crops some  twenty  feet  above  the  creek  level.  The  sandstone  oon- 
(ains  ryrilic  concretions  weathered'  to  a  brownish  black  lim- 
onite  whose  fresh  fractures  show  unaltered  iron  pyrites.  Chert 
concretions  varying  from  a  fraction  of  an  inch  up  to  a  foot  across 
are  abundant.  A  thin  pockety  seam  of  coal  appears  below  the 
sandstone  about  ten  feet  above  the  creek  and  is  underlain  with  a 
pyritiferous  shale  extending  down  to  water  level. 

Guilford  township  represents  a  rugged  topography  near  Coal 
and  Cedar  creeks,  but  exposures  of  the  Coal  Measures  are  unim- 
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portant  because  of  the  greater  thickness  of  the  drift  Near  the 
west  line  of  section  35  a  series  of  thin  beds  aggregating  a  thick- 
ness of  thirty  feet  occur  in  the  following  order  from  top  down- 
ward: Drift,  coarse  sandstone,' gray  shale,  blue  shale,  clay  shale, 
coal  and  fire-clay.  The  coal  is  considerably  iron  stained.  The 
overlying  shale  is  highly  carbonaceous  and  contains  numerous 


Pig.  56.     Qigantlc  Lepidodondrond  weathered  oat  of  the  shales  and  sand^onos  along 

Coal  creek. 

clay  ironstones.  Down  the  stream  in  section  26  the  coal  rises 
gradually  until  it  has  an  elevation  of  about  twenty-five  feet  above 
the  stream. 

The  Coal  Measure  strata  may  be  viewed  along  tlie  i^rincipal 
drainage  lines  in  nearly  all  of  the  other  townships,  but  none  of  the 
exposures  are  of  sufficient  importance  to  deserve  individual  men- 
tion. 

While  natural  sections  are  not  extensive  and  generally  some- 
what obscured  by  the  drift  and  talus  slopes,  nearly  all  of  the  coal 
companies  operating  in  the  county  have  put  down  many  drill 
holes  of  which  careful  records  were  kept  and  these  records  the 
coal  companies  have  generously  permitted  the  Survey  to  use 
freely. 
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The  Cfentral  Coal  Company  has  done  considerable  prospecting 
in  the  middle  of  Pleasant  township  and  the  following  section  may 
be  taken  as  an  average  for  the  district: 

/ 

FKST.     IN. 

17.  Drift  ending  in  water  bearing  sand  and  gravel 

below SO 

16.  Shale,  dark 12 

15.  Shale,  gray 2l 

14.  Shale,  blue,  hard  and  calcareous  2 

13.  Shale,  gray 10 

12:  Coal 3 

11.  Shale,  black 13 

10.  Shale,  light  in  color 3 

9.  Shale,  black 14 

8.  Hard  rock 2 

7.  Sandstone S 

6.  Fire  clay 2 

5.  Shale,  blue .46 

4.  Sandstone,  hard 1 

3.     Coal,  bony.. -w 4      6 

2.     Shale,  black 3 

I .  Fire  clay 3 

In  Bluff  Creek  township  the  Consolidation  Coal  Company  has 
put  down  many  drill  holes  and  the  upper  portion  of  the  Coal 
Measures  has  been  very  thoroughly  explored.  A  drill  hole  put 
down  in  the  southeast  quarter  of  the  southeast  quarter  of  section 
16  may  be  considered  to  be  fairly  representative: 

FSBT.      IN. 

20.  Drift 25 

19.  Sandstone,  gray 29  6 

18.  Clay,  shale '. 3  6 

17.  Shale,  dark 3  1 

16.  Coal 1  9 

IS,  Shale,  light 10  2 

14.  Coal 2 

13.  Shale,  dark 3  6 

12.  Coal 1  3 

II.  Shale,  light 32 

10.  Coal 10 

9.  Shale,  light 21 

8.  Shale,  dark 2  4 

7.  Coal 6 

6.  Shale 15  10 

5.  Sandstone 3 
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FEKT.     IN. 

4.  Shale,  gray 13    11 

3.  Coal 2 

2.  Shale,  dark 49 

1.  Coal 5 

225      2 

The  above  section  is  of  eBpecial  interest  on  account  of  the  large 
number  of  coal  seams  penetrated.  No  other  drill  sections  in  the 
state  show  so  many  repetitions  of  coal  producing  conditions.  In 
Mantua  township  the  streams  have  out  well  into  the  Coal  Meas- 
ures and  drill  sections  are  not  so  common.  The  Smokey  Hollow 
Coal  Company  has  done  considerable  prospecting  in  the  vicinity 
of  the  Averys  and  the  following  section  may  bo  taken  as  am 
average. 

Section  in  southwest  quarter  of  the  southeast  quarter  of  section 
14,  Tp.  76N.,B.  XVIW.: 

FSET.     in. 

16.  Drift  and  alluvium 20 

15.  Sand  and  gravel 60 

14.  Clay  mixture 20 

13.  Shale ,  black 14 

12.  Coal 8 

11.  Shale,  light 13 

10.  Shale,  dark 5 

9.  Shale    light 6 

8.  Shale,  dark 6 

.7.  Coal 1 

6.  Fireclay 3 

5.  Shale,  dark 8 

4.  Coal 5      6 

3.  Shale,  sandy 4 

2.  Sandstone 21 

1 .     Shale,  gray    2 

189      4 

In  Guilford  township  the  Wapello  Coal  and  Mining  Company 
has  thoroughly  explored  a  large  area  along  Coal  creek.  The  drill- 
ers' log  for  a  hole  put  down  on  the  soutiiwest  quarter  of  the  north- 
west quarter  of  section  3  gives  the  following  sequence: 
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FBIT.      IN. 

17.  Drift  ending  in  sand  and  gfravel    68 

16.  Clays'- ale 20 

15.  Shale,  dark 4 

14.  Coal , 9 

13.  Clay  shale 21      3 

12.  Shale    9 

11.  Clayshale 7      3 

10      Sandstone 4 

9      Clay  shale         14 

8.  Sandstone 3 

•    7.     Shale 5 

6      Slate 3 

5      Coal 1      6 

4.  Sandstone 3 

3.  Shale 6      6 

2.  Shale,  dark 72 

1.  Coal 5    10 

239      10 

In  Troy  township  the  Hocking  Coal  Company  has  prospected 
extensively  along  Coal  creek  and  the  adjoining  territory.  One  of 
the  deepest  holes  in  the  district  was  put  down  in  northwest  quarter 
of  the  southeast  quarter  of  section  4  and  the  following  beds  were 
reported  to  have  been  penetrated : 

FKET.      IN. 

19.     Drift 25 

18.  Shale,  light 10 

17.  Sandstone 25 

16.  Shale,  light 25 

15.  Sandstone 10 

14.  Shale,  light .15 

13.  Hard  rock 2 

12.  Shale,  dark  43 

11.     Hard  rock    5 

10 .     Shale,  light 11 

9.  Sacdstone 10 

8.     Shale,  light    8 

7.     Coal    I 

6.     Hard  rock 1 

5.  Shale,  light 11 

4.  Hard  rock 2 

3.  Shale,  dark 92      8 

2.  Coal 4      4 

1 .     Fire  clay   .     1 

302 
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The  several  ledges  of  ''hard  rook"  reported  by  the  driller 
should  be  interpreted  as  more  or  less  indurated  sandstone  ledges. 
Only  two  seanUB  of  ooal  are  reported,  while  shales  and  sandstones 
repeat  themselves  many  times. 

Monroe  township  is  the  headquarters  for  the  Whitebreast  Fuel 
Company  of  Illinois  and  numerous  drill  records  are  on  file  in  their 
office.  A  hole  sunk  near  the  northwest  corner  of  the  northeast 
quarter  of  section  10  may  be  taken  as  fairly  typical  for  the  town- 
ship.   The  record  is  as  follows : 

nSET.    IN. 

35.  Drift 71 

34.  Shale,  yellow 10 

33 .  Shale,  gray  and  clayey 9      5 

32.  Coal 1      9 

31.  Shale,  blue 1      4 

30.  Coal 1      1 

29.  Shale,  blue    25      5 

28.  Shale,  black 4 

27.  Sandstone,  gray 2 

26.  Shale,  black 7 

25.  Coal 1      6 

24.  Clay  shale,  light 9      6   * 

23.  Sands'one,  hard 6 

22.  Shale,  dark 3 

21.  Shale,  sandy  light • 10 

20.  Shale,  dark 6      8 

19 .  Coal 9 

18.  Shale,  dark 4      7 

17.  Clay  shale,  light 3 

16.  Shale,  dark  banded 7 

15.  Shale,  gray    5 

14.  Coal 4 

13.  Shale,  dark  and  light  below 17      8 

12.  Sandstone 3 

11.  Shale,  mixed 7 

10.  Sandstone 2 

9.  Shale,  dark 4    10 

8.  Coal 1      4 

7.  Sandstone,  hard 2    10 

6.  Shale,  dark 36      6 

5.  Coal 4      2 

4.  Coal,  shaly 7 

3.  Shale,  dark  above  and  light  below 5      9 

2 .  Sandstone 3 

1 .  Shale,  dark 4 

230 
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On  the  upland  near  Foster  the  Coal  Measures  run  fairly  uni- 
form and  the  following-  may  be  taken  as  an  average  drill  section : 

FKXT.     IN. 

22.  Drift 90 

21.  Sand  and  gravel 2 

20.  Fire  clay 6 

19.  Shale,  gray 8 

18.  Clay  shale,  light  colored 14 

17.  Shale,  black 11 

16.  Coal  . . . : ...  1 

IS.  Fireclay 2 

14.  Shale,  gray  and  arenaceous 22 

13.  Shale,  dark 6 

12.  Coal 1      6 

11.  Shale,  dark 2 

10.  Sandstone,  shaly 4 

9.  Fireclay 3 

8.  Shale,  clayey 15 

7.  Sandstone,  shaly 19 

6.  Hard  ledge 1      6 

5.  Sandstone 10 

4.  Shale,  black 5 

3.  Sandstone,  shaly 31 

2.  Hard  ledge 2 

1.  Sandstone 14 

270 

While  but  two  seams  of  coal  appear  in  the  section,  the  drillers ' 
record  shows  a  number  of  beds  of  fire  clay  wliich  suggest  the  pres- 
ence of  additional  coal  horizons.  Such  seams  are  found  to  occur 
when  other  drill  records  are  examined. 

From  the  foregoing  sections  it  is  apparent  that  in  the  order  of 
their  importance  shales  and  sandstones  constitute  the  bulk  of  the 
Monroe  beds  as  developed  in  the  county,  and  show  all  gradations 
from  typical  sandstones  through  shaly  sandstone  and  sandy 
shales  to  tyjncal  shales.  The  sandstones  present  oftentimes  un- 
usual fades.  At  several  points,  notably  large  bowlders  appear  in 
the  cliff  walls  and  the  weathering  agencies  bring  out  the  bowlder 
character  to  good  advantage  as  the  matrix  breaks  down  readily 
and  the  bowlders  stand  out  prominently.  Along  Coal  creek, 
southwest  of  Lovilia  the  sandstone  presents  a  decidely  con- 
glomeratic appearance  which  on  closer  inspection  is  seen  to  be  due 
to  the  presence  of  chert  and  pyrite  balls  in  the  form  of  concre- 
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tions.  The  concretions  vary  from  a  fraction  of  an  inch  to  several 
inches  across  and  here  again  weathering  brings  out  the  structure 
in  a  veiy  striking  manner.  Figure  57  shows  two  detached  blocks 
at  close  range.  The  sandstones  often  show  false  bedding  planes 
on  a  small  scale  which  is  cjuite  a  characteristic  feature  of  Coal 
Measure  dejyosits  in  general.  The  shales  vary  considerably  in 
fineness  of  gi'ain  and  fissility.  As  before  stated  all  gradations 
are  found  from  shaly  sandstone  to  almost  gritless  shales  and 
they  vaiy  in  color  fi'cm  light  gray,  nearly  white,  fireclays  through 
the  various  shades  of  gray  and  blue  to  the  black  carbonaceous 


FlH.    57.     Concretionary  Band-^toni.'  which  appears  conglomeratic  on  casual  inspection, 

Coal  creek. 


shales  which  are  generally  closely  associated  with  the  coal  seams. 
In  fissility  they  vary  from  the  almost  structureless  fire  clays 
through  the  clay  shales  to  highly  fissile  shale.  As  a  rule  the 
shales  carry  but  a  small  ixMc*entage  of  the  carbonates  of  lime, 
magnesia  and  iron. 

In  addition  to  the  shales  and  sandstones  occasional  ledges  of 
calcareous  nx'k  are  ];resent  and  usually  oc»cur  as  argillaceous 
limestone,  commonly  known  as  *  *  cai)-rock, "  when  near  a  ooal 
seam.  Such  ledges  rarely  reach  a  thickness  greater  than  two  feet. 
Last  and  most  imjx^rtant  from  an  economic  standpoint  are  the 
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seams  of  coal,  which  vary  in  number  from  one  to  seven  and  pos- 
sibly more  when  the  entire  assemblage  of  beds  is  taken  into  ac- 
count. In  the  vicinity  of  both  Buxton  and  Hilton  seven  seams 
were  penetrated  in  sinking  the  prospect  holes,  although  the  entire 
Coal  Measure  series  were  not  penetrated.  In  thickness  the  indi- 
vidual seams  vary  from  a  thin  film  or  ** blossom"  to  a  maximum 
of  seven  or  eight  feet  The  Buxton  section  previously  mentioned 
shows  seven  seams  with  an  aggregate  thickness  of  thirteen  f^t 
and  four  inches  of  coal,  while  but  one  seam  is  of  suflSdent  thiok- 
nesis  to  be  of  commercial  importance.  The  seams  also  vary 
greatly  in  character;  some  are  **bony,"  others  contain  numerous 
bowlders  and  are  known  as  stony,  while  still  others  run  high  in 
sulphur,  chiefly  in  the  form  of  the  iron  sulphides  represented  by 
the  minerals  pyrite  and  maroasite.  The  latter  seams  when  ex- 
posed to  the  air  disintegrate  rapidly  audi  show  a  greenish  white 
coating  of  green  vitriol  or  iron  sulphate.  The  greenish  white 
coating  dissolves  readily  and  in  case  ofl  continued  exposure  is  re- 
moved or.  changed  to  limonite,  which  makes  itself  manifest  by  the 
red  and  yellow  brown  stains,  characteristic  of  the  staining  done 
by  most  of  the  waters  issuing  from  coal  mines  when  they  come  in 
contact  with  foreign  substances. 

The  Coal  Measures  thicken  gradually  from  northeast  to  south- 
west. Away  fromi  the  outcrops  along  the  streams  near  the  east 
boundary  of  the  county  the  prospects  rarely  or  never  penetrate 
the  entire  series  so  that  it  is  impossible  to  assign  a  definite  figure 
for  the  maximum  thickness  of  the  beds. 

The  deepest  prospects  whose  records  are  available  were  put 
down  by  the  Hooking  Coal  Company  and  the  Whitebreast  Fuel 
Company  and  these  scarcely  exceed  three  hundred  feet  from  the 
surface.  A  drill  hole  put  down  by  the  former  company  to  a  depth 
of  317  feet  near  the  center  of  the  northwest  quarter  of  the  south- 
west quarter  of  section  34,  Tp.  72  N.,  R.  XVEE  W.,  shows  at  least 
272  feet  of  Coal  Measures  while  the  drill  hole  of  the  latter  com- 
pany recorded  on  a  preceding  page  penetrated  the  Coal  Measures 
to  a  depth  of  212  feet.  From  the  drill  records  available  it  is  rea- 
sonable to  infer  that  the  Coal  Measures  attain  a  thickness  of  about 
300  feet  for  the  central  portion  of  the  county  and  probably  exceed 
4O0  feet  for  the  southwest  portion  of  the  county. 
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Struoturally  the  Coal  Measures  lie  almost  flat  when  viewed 
broadly,  dipping  to  the  southwest  at  a  low  angle.  Local  undula- 
tions are  quite  the  rule,  the  wave-like  undulations  possessing  an 
amplitude  of  from  a  few  feet  to  thirty  or  even  forty  feet  or  more. 
The  general  trend  of  the  waves  is  somewhat  variable,  but  more 
commonly  approximate  east  and  west.  Faults  of  suflScient  magni- 
tudte  to  cut  out  a  coal  seam  are  unknown  in  the  county,  although 
there  are  evidences  of  minor  movements  in  the  sheared  and 
^'slickened^'  surfaces  of  some  of  the  roof  shales.  Erosional  cut- 
outs or  unconformities  are  encountered  occasionally,  especially 
near  the  thin  edge  of  the  Coal  Measures.  The  Chariton  con- 
glomerate is  reported  to  fill  an  erosional  trough,  deep  enough  to 
out  out  the  productive  measures  in  Appanoose  county.  The  con- 
glomerate extends  well  into  Monroe  county,  but  little  is  known  of 
its  relation  to  the  workable  coal,  though  it  is  believed  to  lie  too 
high  in  the  series  to  in  any  way  influence  mining  operations  in  the 
county. 

THE  APPANOOSE  BEDS. 

According  to  Bain*  the  Appanoose  beds  consist  essentially  of 
limestone  bed's  which  bear  •a  certain  definite  position  with  refer- 
ence to  the  Centerville  (Mystic)  coal  seam,  separated  by  shales. 
The  normal  sequence  is  the  *' fifty  foot  limestone,"  ''seventeen 
foot  limestone,"  the  ''cap  rock"  and  the  "bottom  rock."  The 
records  for  southern  and  especially  for  southwestern  Monroe, 
where  the  Aj>i:anoose  beds  would  naturally  be  expected  to  occur, 
are  very  meager  and  it  is  impossible  to  assign  limits  with  any  de- 
gree of  confidence.  The  beds  cannot  be  recognized  definitely 
within  the  confines  of  the  county,  but  on  the  map  were  continued 
across  the  Monroe  county  line  from  Appanoose  county. 

THE  CHARITON  CONGLOMERATE. 

Conglomeratic  beds  referable  to  the  Chariton  are  known  to  be 
exjwsed  in  but  a  single  locality  in  the  county.  A  limited  outcrop 
may  be  viewed  along  one  of  the  tributaries  of  Coal  creek  on  sec- 
tion 3  in  Monroe  township,  about  three  miles  south  of  Albia.  The 
beds  here  exposed  form  projecting  ledges  on  account  of  their  more 

*  Iowa  (i  col.  Surv.,  Vol    V,  p.  378,  ctscq.,  Dc^  Moines.     1895. 
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resistant  character  than  the  underlying  shales.  The  conglomerate 
consists  essentially  of  rounded  limestone  pebbles,  fragments  of 
coal,  crinoid  stems  and  brachiopod  remains  imbedded  in  a  more 
or  less  ferruginous  sandy  matrix.  The  pebbles  vary  considerably 
in  size  up  to  two  or  three  inches  in  length.  Some  yellowish 
brown  magnesian  limestone  is  present.    More  extensive  outcrops 


Fio.  bl     Exposare  of  Carboniferoos  sandstone  on  Coal  creek,  in  the  southeast  quarter  of 
the  sojthwest  quarter  of  section  Itt,  Union  township,  showing  u  local  undulation. 

of  the  conglomerate  occur  in  Appanoose  county,  the  nearest  ex- 
posure to  the  above  occurring  in  section  1,  Tp.  70  N.,  R.  XVII  W. 
A  line  connecting  these  two  points  would  pass  about  one-half 
mile  east  of  the  mine  of  the  Whitebreast  Fuel  Company  at  Hilton. 
Although  much  prospecting  has  been  done  in  that  vicinity  no 
trace  of  the  conglomerate  is  recorded. 

The  Pleistocene. 

The  Upper  Carboniferous  beds  present  evidence  of  profound 
erosion  wherever  they  can  be  viewed,  which  indicates  an. uncon- 
formity between  the  Coal  Measures  and  the  overlying  drift.    The 

as  G  Rep 
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Pleistocene  may  readily  be  separated  into  the  drift 
loess  which  fonns  a  toj)  dres.sing  everj^where  unless  i 
removed  by  the  streams,  and  recent  deposits  which  con 
of  alluvium  and  wind  blown  materials.  The  drift  con 
far  the  larger  portion,  varying  from  a  few  feet  to  aboi 
in  thickness,  perhaps  averaging  seventy  feet  for  the  ent 
It  is  thinner  in  the  eastern  portion,  especially  the  no 
section,  and  thickens  to  the  southwest,  where  the  strat 
are  rarely  exposed  and  wells  are  rare  which  completely 
the  glacial  debris.  The  Albia-Lovilia  divide  is  largel; 
drift,  the  Coal  Measures  appearing  comparatively  1( 
ravines  which  head  into  it. 

The  bowlder  clay  or  drift  may  be  referred  to  the  Kaj 
though  numerous  natural  sections  have  been  closely  sa 
drill  records  closely  examined  there  appears  to  be  no 
sufficient  reason  for  subdividing  the  drift,  which  Ijias 
sible  in  other  places.    Certain  sections  display  a  heav; 


FiO.  19.     Pleistof^enc  conglomerate  underlain  with  Coal  Measure  shales  forming  aa  escarp- 
ment across  a  branch  of  Gray  creek,  near  Eddyville. 
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gravel  deposit  below  the  till  sheet,  J>ut  a  second  till  sheet  cannot  l)e 
identified  with  certainty.  In  other  plaoes  the  gravels  are  quite 
completely  cemented  and  form  a  conglomerate  as  may  be  well 
seen  in  figure  59  where  these  conglomeratic  beds  form  a  consid- 
erable  fall  in  one  of  the  branches  of  Gray  creek. 

PRE-KANSAN    GRAVELS? 

Ihillers  in  prospecting  for  coal  rarely  keep  a  detailed  record 
of  the  surface  materials.  From  conversation  with  drillers  and 
from  natural  sections  and  the  few  records  giving  the  details  of  the 
surface  formations  it  is  obvious  that  the  Kansan  drift  is  pretty 
generally  underlain  with  from  five  to  twenty  feet  of  sand  and 
gravels  which  rest  directly  upon  the  bed  rock.  The  bowlders  and 
pebbles  include  many  rocks  foreign  to  the  district  and  argue  the 
presence  of  an  older  drift-sheet  at  no  great  distance. 

THB  KANSAN   DRIFT. 

The  Kansan  drift  usually  exhibits  a  lower  blue  bowlder  day^ 
often  very  compact  and  hard  and  an  upper  more  or  less  loosely 
aggregated  portion  stained  yellowish  to  a  reddish  brown  througli 
the  oxidation  of  the  iron  and'  is  known  as  the  *'ferretto  zone.'t 
The  upper  stained  material  is  quite  thoroughly  leached,  while  the\ 
blue  day  eflFervesces  freely  when  treated  with  dilute  hydrochloric 
acid.  Pebbles  and  bowlders  occur  throughout  the  deposit,  but 
large  bowlders  are  comparatively  rare.  The  rocks  present  often 
show  facetted  and  striated  surfaces  and  the  granite  bowlders  are 
quite  generally  in  an  advanced  stage  of  decay,  falling  to  pieces 
when  removed  from  their  matrices.  Fragments  of  coal  and  pieces 
of  wood  are  not  infrequent,  especially  in  the  lower  blue  till. 

THE    LOESS. 

A  clayey  silt  known  as  the  loess  veneers  the  drift  and  Coal 
Measures  over  the  entire  county,  save  where  removed  by  erosive 
agencies.  Where  present  it  is  fairly  uniform  in  thickness,  vary- 
ing from  total  absence  along  the  streams  and  ravines  to  twenty 
or  thirty  feet  near  the  crests  of  the  adjoining  bluffs.  From  the 
face  of  the  bluff  the  loess  thins  slightly  toward  the  divides.    la 
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Pleistocene  may  readily  be  separated  into  the  drift  below,  the 
loess  which  1  onus  a  top  dressing  everj^where  unless  it  haa  been 
removed  by  the  streams,  and  recent  deposits  which  consist  chiefly 
of  alluvium  and  wind  blown  materials.  The  drift  constitutes  by 
far  the  larger  portion,  varying  from  a  few  feet  to  about  100  feet 
in  thickness,  perhaps  averaging  seventy  feet  for  the  entire  county. 
It  is  thinner  in  the  eastern  portion,  especially  the  northeastern 
section,  and  thickens  to  the  southwest,  where  the  stratified  rocks 
are  rarely  exposed  and  wells  are  rare  which  completely  penetrate 
the  glacial  debris.  The  Albia-Lovilia  divide  is  largely  made  of 
drift,  the  Coal  Measures  appearing  oc^mparatively  low  in  the 
ravines  which  head  into  it. 

The  bowlder  clay  or  drift  may  be  referred  to  the  Kansan.  Al- 
though numerous  natural  sections  have  been  closely  scanned  and 
drill  records  closely  examined  there  appears  to  be  no  good  and 
sufficient  reason  for  subdividing  the  drift,  which  l^as  been  pos- 
sible in  other  places.    Certain  sections  display  a  heavy  sand  or 
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Pleistocene  conglomerate  underlain  with  Coal  Measure  sbaie.s  forming  an  escarp- 
ment across  a  branch  of  Gray  creek,  near  Eddjville. 
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gravel  deposit  below  the  till  sheet,  J>ut  a  second  till  sheet  cannot  l)e 
identified  with,  certainty.  In  other  plaoes  the  gravels  are  quite 
completely  cemented  and  form  a  conglomerate  as  may  be  well 
seen  in  figure  59  where  these  conglomeratic  beds  form  a  consid- 
erable fall  in  oaie  of  the  branches  of  Gray  creek. 

PRE-KANSAN    GRAVELS? 

Ihillers  in  prospecting  for  coal  rarely  keep  a  detailed  record 
of  the  surface  materials.  From  conversation  with  drillers  and 
from  natural  sections  and  the  few  records  giving  the  details  of  the 
surface  formations  it  is  obvious  that  the  Kansan  drift  is  pretty 
generally  underlain  with  from  five  to  twenty  feet  of  sand  and 
gravels  which  rest  directly  upon  the  bed  rock.  The  bowlders  and 
pebbles  include  many  rooks  foreign  to  the  district  and  argue  the 
presence  of  an  older  drift-sheet  at  no  great  distance. 

THB   KANSAN    DRIFT. 

The  Kansan  drift  usually  exhibits  a  lower  blue  bowlder  day^ 
often  very  compact  and  hard  and  an  upper  more  or  less  loosely 
aggregated  portion  stained  yellowish  to  a  reddish  brown  througl] 
the  oxidation  of  the  iron  and  is  known  as  the  **ferretto  zone.'^ 
The  upper  stained  material  is  quite  thoroughly  leached,  while  the\ 
blue  day  effervesces  freely  when  treated  with  dilute  hydrochloric 
acid.  Pebbles  and  bowlders  occur  throughout  the  deposit,  but 
large  bowlders  are  comparatively  rare.  The  rocks  present  often 
show  facetted  and  striated  surfaces  and  the  granite  bowlders  are 
quite  generally  in  an  advanced  stage  of  decay,  falling  to  pieces 
when  removed  from  their  matrices.  Fragments  of  coal  and  pieces 
of  wood  are  not  infrequent,  especially  in  the  lower  blue  till. 

THE    LOESS. 

A  clayey  silt  known  as  the  loess  veneers  the  drift  and  Coal 
Measures  over  the  entire  county,  save  where  removed  by  erosive 
agendes.  Where  present  it  is  fairly  uniform  in  thickness,  vary- 
ing from  total  absence  along  the  streams  and  ravines  to  twenty 
or  thirty  feet  near  the  crests  of  the  adjoining  bluffs.  From  the 
face  of  the  bluff  the  loess  thins  slightly  toward  the  divides.    la 
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textaro  the  loess  is  sandiest  near  the  streams  and  is  highest  in 
clay  substance  near  the  divides;  it  also  increaises  in  the  sand  eon- 
Sftitaent  from  surface  to  base  in  vertical  section.  These  facts  are 
well  shown  at  many  points  along  roadways  and  in  railroad  outs. 
The  clay  ballajst  plants  formerly  at  Maxon  and  Selection  devel- 
oped the  loess  high  in  clay  characteristic  of  the  divides. 

RECENT. 

The  streams  of  the  county  have  d^ne  comparatively  little  in  the 
way  of  building  alluvial  deposits.  The  Des  Moines  river  has  done 
considerable  filling  and  presents  an  alluvial  belt  varying  from  one 
to  two  miles  in  width.  Narrow  belts  may  be  noted  along  Coal  and 
Cedar  creeks  and  the  Avery.  The  bounding  bluffs  along  all  of 
the  last  mentioned  streams  retain  their  convex  profiles  and  the 
deposits  of  the  streams  are  commingled  with  the  hillside  wash. 

West  of  the  Des  Moines  river  along  the  Bnxton  extension  of 
the  Chicago  and  Northwestern  railway,  several  wave-like  ridges 
may  be  observed.  Similar  ridges  occur  in  the  adjoining  counties. 
The  railway  cuts  across  the  end  of  one  of  these  ridges  and  exposes 
some  fifty  feet  of  assorted  sands  and  silts.  While  there  is  some 
evidence  of  sorting,  no  persistent  stratification  planes  are  appar- 
ent. These  ridges  have  been  ascribed  to  wind  work  because  of 
their  wave-like  form  and  imperfectly  stratified  character  and  are 
fairly  representative  dunes.  Examples  are  more  numerous  north 
of  Eddyville,  in  Mahaska  county. 

ECONOMIC  GEOLOGY. 

Coal. 

The  coal  industry  in  Monroe  countj^  dates  from  the  early  six- 
ties. White  in  his  brief  sketch  of  the  geology  of  the  county  pub- 
lished in  1870*  states  that  small  mines  had  already  been  opened 
along  Bluff,  Miller  and  Avery  creeks  and  that  the  Cedar  mines 
west  of  Albia  were  producing  coal.  None  of  the  mines  at  that 
time  were  scarcely  more  than  country  banks  and  operated  chiefly 
during  the  winter  season  to  supply  the  local  demand.  The  first 
biennial  report  of  the  state  mine  inspector  covering  the  years  1880 

*  Geology  of  Iowa,  Part  II,  pp.  267-26<     Dt^  Moiiu^s,  1870. 
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and  1881  contains  some  interesting  statistics.  Herein  it  is  as- 
serted that  some  thirty  mines  are  in  operation  in  Monroe  oounty 
employing  638  men.  The  deepest  shaft  is  reported  to  be  150  feet 
and  'traa  located  near  Albia.  The  total  prodhiotion  and  average 
price  per  ton  are  not  given  in  the  report  The  number  of  men 
employed  is  doubtless  an  exaggeration. 

In  1883  the  laws  governing  the  inspection  of  mines  were  so 
amended  as  to  require  the  collection  and  compilation  of  the  statis- 
tics of  coal  production  each  year  and  beginning  with  1883  the 
records  are  fairly  complete.  The  records  available  showing  the 
progress  of  the  industry  and  the  remarkable  prosperity  at  the 
present  time  are  tabulated!  in  the  table  below.  For  the  years  1883 
to  1889  inclusive  the  records  are  compiled  from  the  reports  of  the 
state  mine  inspector,  for  the  years  1890  to  date  the  data  are  ob- 
tained from  the  Mineral  Eesources  of  the  United  States  Geologi- 
cal Survey.  Total  production,  total  value,  average  price  per  ton, 
average  number  of  men  employed,  and  average  number  of  days 
worked,  are  compiled  for  Monroe  county,  while  total  production, 
average  number  of  men  employed,  and  average  number  of  days 
piled  for  the  entire  state : 


MONROE  COUNTY. 


YEAH. 

§1     - 

1 

1 

P 

m 

►  OP, 

< 

d 
< 

Total  produc-* 
tion  for  en- 
tire state  in 
short  tons. 

>  P. « 
< 

Total  No.   of 
men  employ- 
ed for  entire 
Btate. 

1883 

104,607 
110,288 
113,699 
181,824 
205,525 
261,^64 
2.58,401 
324,081 
898,227 
507,106 
570, 91 '5 
505. 164 
55H.982 
438,520 
497,8.S1 
5S4,578 
689.004 
755,286 
1,038,3J2 

1     4.457,640 
4,870,666 
4,012.  Rr5 
4,315,779 
4,473,828 
4,952,440 
4,0''6,358 
4.021.730 
3,7  5,495 
8,918,491 
8,972,229 
8,1*67,258 
4, 15'?.  074 
8.954,028 
4,611,8f5 
4,618,842 
5,177,479 
5,202,939 
5,617,499 

1884 

1S85     

1886 



1    1.25 
1.34 
1.80 
1.83 
1.24 
1.27 
1.82 
1.30 
1.26 
1  20 
1.17 
1.18 
1.14 
1.24 
1.38 
1.89 

1887      

1888       

i'*i.'in' 

1.21 
1  21 
1.26 
1.12 
1.09 
1.02 
1.01 
1.00 
1.02 
1.05 
1.14 
1.24 

785' 

806 
1,112 
1,1C3 
1,212 
1,037 
840 
966 
1.086 
1,218 
1,592 
2,319 

'  107' 
208 
288 
214 
172 
216 
188 
22P 
232 
221 
254 
235 

1880 

1         299,745 
3f»2,078 
475, 805 
638,954 
6:38,085 
55i,017 
570,879 
437,400 
498,  F57 
594,980 
725,932 
869,720 
1,292,503 

9,247 

1890 

1891 

1^^ 

8,130 
8,124 
8,170 

1893 

8,868 

mi 

18^5 

9,996 
10,066 

1806 

1897 

9,672 
10,708 

1898 

IggO 

10,262 
10,971 

1900 

im           

1902 

11,606 
12,663 

•With  the  exception  of  the  period  of  great  business  depression 
ending  in  1896  Monroe  county  has  shown  a  fairly  uniform  in- 
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crease  in  the  production  of  ooal.  The  average  price  per  ton 
reached  its  lowest  point  in  1897,  when  coal  sold  for  an  even  dollar 
per  ton  at  the  mines.  Sinoe  1898  the  tonnage,  price,  nmnber  of 
men  employed,  and  number  of  days  worked  have  increased  Mq^ 
idly.  The  production  for  1901  exceeds  that  for  1900  by  more 
than  twenty-five  per  cent  This  unusual  increase  resulted  very 
lai^ly  from  the  opening  of  mines  along  Bluff  creek  by  the  Con- 
scdidation  Coal  Company.  In  1883  it  may  be  noted  that  Monroe 
produced  less  than  two  and  a  half  per  cent  of  the  total  production, 
while  in  1901  her  output  exceeded  eighteen  per  cent  of  the  pro- 
duction of  the  entire  state. 

COAL  BASINS. 

Miller  Creek  District^ln  the  northeastern  part  of  the  county 
where  the  coal  outcrops  along  the  streams  there  have  been  many 
small  mines,  so-called  country  banks.  Slopes  are  driv^i  either  in 
the  coal  where  it  outcrops  or,  when  the  ooal  seams  lie  a  few  feet 
below  the  surface,  at  a  small  angle  through  the  measures.  In  the 
latter  case  the  opening  is  called  a  ''rock  drift"  Nearly  all  of  the 
mines  of  the  Miller  creek  district  are  slopes  and  drifts.  The  coal 
is  hauled  to  the  surface  by  ropes  and  thus  the  expense  of  hoisting 
is  eliminated.  In  the  southwest  quarter  of  the  southwest  quarter 
of  section  1,  Pleaaant  township,  is  a  local  mine  known  as  the 
Bridgeport  or  Davis  mine.  This  mine  works  the  lowest  seam  in 
Monroe  county.  For  some  years  it  has  furnished  considerable 
ooaJ  to  Eddyville.  The  coal  is  obtained  by  a  slope,  but  no  ma- 
chinery is  employed  in  haulage.  The  seam  worked  varies  from 
two  to  four  feet  in  thickness  and  has  a  fair  roof. 

The  Little-Hoover  Company  of  Oskaloosa  has  opened  a  slope 
west  of  Coalfield.  The  Mary  Jane  Coal  Company  has  a  prospect 
east  of  the  Little-Hoover  Company,  but  no  large  operation  is  con- 
templated. 

The  Central  Coal  Company  has  oj^ened  a  slope  on  the  west 
bank  of  Miller  creek  and  considerable  coal  is  being  shipped  from 
this  mine  over  the  Iowa  Central  railroad.  The  seam  worked  lies 
thirty-five  feet  below  the  tipple  and  dips  at  a  low  angle  to  the 
southwest  It  is  rather  irr^rnlar  and  averages  about  four  feet  in 
thickness.    Drill  records  in  this  locality  show  a  great  number  of 
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coal  seain«,  some  sections  penetratilig  as  many  as  seven,  the  ma- 
jority of  which  are  not  of  suflScient  thickness  to  be  worked.  The 
main  entry  of  the  Central  company  is  driven  northwest  and  en- 
counters numerous  irregularities.  Basins  of  sandstone  extend  in 
a  northeasterly  direction  andl  in  some  places  are  300  feet  wide. 
The  sandstone  contains  many  fragments  of  coal,  pyrite  balls  and 
plant  remains.  The  coal  gradually  runs  out  and  sandstone  comes 
in,  there  being  no  signs  of  cutting  out  by  water.  The  roof  is  good 
and  the  mine  is  increasing  its  output  rapidly.  The  coal  is  of  good 
quality  and  is  known  as  the  Miller  Creek  Steam  coal. 

Avery  Creek  District.— The  Smoky  Hollow  Coal  Company  has 
been  for  some  years  one  of  the  largest  producers  of  this  district. 
Thus  far  the  work  lias  been  carried  on  east  and  south  of  Avery  in 
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Fio.  flO.     Approach  and  tipple  of  one  of  the  mines  of  the  Sniokj  Hollow  Coal  Company. 

the  valley  of  South  Avery  creek.  The  coal  either  outcrops  in  the 
hillsides  or  is  covered  only  lightly  by  the  drift.  For  six  miles 
abandoned  workings  mark  the  outcrop  and  from  time  to  time  the 
railroad  stub  has  been  extended  as  new  mines  have  been  opened. 
The  company  has  operated  principally  in  sections  9, 10, 11, 13,  23, 
and  24  in  Mantua  township.  At  present  the  bulk  of  the  coal  pro- 
duced is  mined  at  sloi}es  4  and  6,  number  5  having  been  recently 
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abandoned.  Slope  number  4  is  located  in  the  southwest  quarter 
of  the  northwest  quarter  of  section  11;  slope  number  5,  in  the 
noithwest  quarter  of  the  northwest  quarter  of  section  13,  and 
slope  number  6,  in  the  southeast  quarter  of  the  northeast  quarter 
of  section  23.  It  is  probable  that  the  railroad  will  be  extended 
westward  up  the  valley  and  that  a  new  slope  will  be  opened  in  the 
southwest  quarter  of  the  northwest  quarter  of  section  23.  The 
company  has  done  considerable  prospecting  over  this  township 
and  operates  a  diamond  drill  almost  continuously.  The  sections 
reported  show  considerable  irregularity  in  the  coal  seam.  The 
coal  varies  in  thickness  from  three  and  one-half  to  five  feet  and 
is  mined  by  the  pillar  and  room  system.  All  the  slopes  are 
equipped  with  tail  rope  haulage  systems  as  the  length  of  haul 
makes  it  inadvisable  to  use  other  than  mechanical  haulage.  At 
each  slope  the  haul  is  more  than  half  a  mile  under  ground.  The 
tipples  have  long  approaches  in  order  to  furnish  storage  room  for 
mine  cars  and  to  secure  suflScient  elevation  above  the  railroad 
tracks.  Almost  the  entire  output  of  these  mines  is  taken  by  the 
Burlington  railroad. 

The  employes  of  the  company  live  along  the  line  of  the  spur, 
in  Smoky  Hollow  and  Hynes  City.  For  many  years  the  Smoky 
Hollow  district  has  been  a  large  producer.  There  are  many  old 
openings  on  both  sides  of  the  hollow.  As  the  coal  has  been  worked 
out  operations  have  been  extended  to  the  south  and  now  the  larg- 
est producers  are  several  miles  from-  the  old  town. 

The  Frederick  ,Coal  Company  north  of  Smokj^  Hollow  has 
located  a  shaft  on  the  northeast  quarter  of  the  southeast  quarter 
of  section  3,  in  Mantua  township.  For  a  number  of  years  this 
mine  has  been  producing  some  coal,  but  recently  the  management 
has  been  changed.  A  railroad  track  has  been  built  from  the  Bur- 
lington, new  buildings  have  been  erected  and  a  much  larger  out- 
put is  to  be  expected  in  the  near  future.  Considerable  coal  is 
hauled  by  teams  from  this  mine  to  Avery  and  the  surrounding 
countr\^  The  seam  worked  averages  over  three  feet  in  thickness 
and  is  mined  longwall. 

The  Foster  District.—The  Deep  Vein  Coal  Company  at  Foster 
operates  a  mine  through  shaft  number  1.  The  shaft  reaches  a  coal 
seam  at  a  depth  of  208  feet  which  averages  four  and  a  half  feet  in 
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thickness.  The  mine  is  a  very  old  one  and  at  present  is  producing 
but  little  coal.  The  underground  haulage  is  by  mules.  The  hoist- 
ing  drum  is  seven  feet  in  diameter  and  is  driven  through  a  1-4 
gearing  by  a  12x16  inch  Ottumwa  engine.  Air  is  supplied  to  the 
mine  by  two  fans;  one  fan  six  feet  in  diameter  is  located  about 
300  yards  from  the  shaft.  A  five  horse  power  gas  engine  drives 
the  fan  and  gives  satisfaction.  A  steam  line  from  the  boiler  house 
to  the  fan  would  require  considerable  attention  and  would  not  be 
efl5cient. 

A  short  distance  east  of  shaft  number  1,  a  new  shaft  has  been 
sunk  on  the  upper  vein.  This  seam  runs  fromi  one  to  three  feet 
in  thickness  and  lies  about  thirty  feet  above  the  lower  vein.    The 


Fio.  61.    Horse  gin  used  in  sinking  a  shaft  near  Foster. 

output  from  shaft  number  2  is  small  and  only  a  gin  hoist  is  used. 
At  present  but  ten  men  are  employed. 

There  are  no  other  mines  of  importance  in  this  district. 

Hiteman  Basin.— The  Wapello  Coal  Company  operates  three 
mines  in  the  vicinity  of  Hiteman.  For  some  years  this  company 
has  been  one  of  the  leading  shipping  mines  of  the  state  and  its  en- 
tire output  is  handled  by  the  Burlington.  All  of  the  mines  be- 
longing to  the  company  are  operated  through  shafts.  Shaft  nimi- 
ber  1  is  located  on  tlie  northeast  quarter  of  the  southwest  quarter 
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of  section  11,  of  Guilford  township.  This  mine  has  been  in  opera- 
tion about  ten  years  and  a  considerable  area  has  been  worked  out. 
The  coal  is  hauJed  almost  a  mile  under  ground  by  a  tail  rope  sys- 
tem. Trips  of  from  thirty-five  to  forty  cars  are  hauled  every 
twenty  minutes  when  the  mine  is  in  full  operation.  Shaft  number 
2  is  located  in  the  center  of  section  2.  This  mine  is  about  worked 
out  and  some  of  the  machinery  is  being  removed  to  the  other 
plants.  The  engine  and  boilers  are  of  the  Ottumwa  pattern.  The 
hoisting  engine  is  direct  connected',  cylinders  14x20  inches;  the 
lioisting  rope  one  and  one-fourth  inches  in  diameter  is  wound  on  a 
six  foot  drum.  A  twelve  foot  fan  driven  by  a  12x18  inch  engine 
furnishes  air  to  the  mine. 

As  in  mine  number  1,  the  coal  is  hauled  underground  by  a  tail 
rope  system.  This  consists  of  a  three-fourths  and  a  five-eighths 
inch  rope  wound  on  four  foot  drums  driven  by  a  10x16  inch  en- 
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1  lo.  6i.     Tipple  at  shaft  No.  3,  Wapello  Coal  Com  pa  ij,  Hiteman. 

gine.  The  feal  strain  in  this  system  comes  on  the  tail  rope  for 
there  is  a  heavy  grade  in  favor  of  the  loaded  trip.  The  tail  rope 
is  carried  about  400  yards  on  tlie  surface  by  means  of  pulleys  and 
then  enters  the  mine  through  a  four  inch  pii>e  sunk  through  the 
covering. 
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Shaft  number  3  is  located  in  a  basin  running  east  and  west  on 
ihe  southeast  quarter  of  the  southeast  quarter  of  section  3.  For 
fieveral  reasons  it  was  sunk  so  as  to  penetrate  the  lowest  point  in 
the  basin,  although  the  coal  here  is  very  poor,  containing  much 
rock.  At  present  all  of  the  rock  must  be  hoisted.  The  thickness 
of  the  coal  in  this  tract  is  well  known  through  the  many  drill  holes 
sunk  by  the  company.  The  coal  runs  no  thicker  in  the  basins 
than  on  the  rises.  The  company  has  a  Sullivan  diamond  drill  in 
operation  and  has  made  a  careful  study  of  the  adjacent  coal  lands. 
All  of  the  drill  records  are  preserved  and  sections  are  constructed 
showing  the  exact  position  and  the  thickness  of  the  workable  coal 
seams. 

Cedar  Creek  Mines.—For  many  years  there  have  been  a  num- 
ber of  mines  operating  within  a  few  miles  of  Albia  both  north  and 
west.  The  Cedar  mines  have  produced  much  coal,  but  have  been 
abandoned  for  some  years  because  all  of  the  coal  that  could  be 
mined  profitably  had  been  removed.  But  two  mines  are  operating 
in  this  field  at  present. 

A  new  mine  is  being  opened  on  the  main  line  of  the  Burlington 
just  west  of  Tower.    At  present  no  coal  is  being  prodliced. 

The  Star  Coal  ComjSany  has  for  some  years  been  producing 
coal  from  a  shaft  about  two  and  a  half  miles  northwest  of  Albia. 
The  coal  is  hauled  by  team  to  Albia  and  to  a  side  track  on  the  Des 
Moines  branch  of  the  Burlington,  where  it  is  loaded  for  shipment. 

The  Hocking  Basin.—The  town  of  Hocking  is  located  on  a  spur 
of  the  Iowa  Central  railway  about  two  miles  southwest  of  Albia, 
The  Hocking  Coal  Company  with  central  oflSces  in  Oskalooea  is 
the  only  company  operating  in  this  district.  Shaft  number  1  was 
put  down  and  operations  begun  in  1899  while  shaft  number  2  was 
sunk  during  1900.  Both  shafts  are  located  on  a  low  terrace  along 
Coal  creek,  and  are  180  and  208  feet  in  depth  respectively.  The 
company  did  a  large  amount  of  preliminary  drilling  so  that  the 
character  and  limits  of  the  coal  basin  were  pretty  well  understood.- 

In  mine  number  1  the  coal  seam  varies  from  four  to  six  and  one- 
half  feet  in  thickness  and  furnishes  a  good  grade  of  steam  coal. 
The  coal  floor  is  quite  irregular  ^  on  account  of  the  numerous 
rolls  which  trend. about  30°  east  of  south.  The  maximum  varia- 
tion amounts  to  about  twentv-five  feet.    Some  of  the  rolls  almost 
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is  three  feet  two  inchee  and  the  wheel  base  two  feet  The  hinged 
gate  of  the  car  is  fastened  by  two  latches  of  inch  iron,  which  must 
be  raised  when  the  car  is  dumped. 

Ventilation  is  very  expensive  in  the  larger  Iowa  mines  on  ac- 
count of  the  number  of  trappers  required  to  facilitate  haulage. 
Unless  undercasts  or  overcasts  are  to  be  built  Ihe  only  solution  for 
the  trapper  problem  is  the  automatic  door.  Such  doors  are  in  use 
in  the  Whitebreast  mine.    As  haulage  is  in  both  directions  the 


Fig.  67.     Diagram  showing  arraii cement  of  tra<'ks  and  switohfs  in  tho  Whitebrtast  tipple. 

doors  must  swing  either  way,  open  easily  when  the  mule  pushes 
against  them  with  his  head  and  shut  promptly  and  tightly  after 
the  trip  has  passed.    On  each  side  of  the  door,  weights  are  sus- 
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roof  shale  and  where  the  settling  is  not  carefully  provided  for  the 
roof  sheara  along  the  entries. 

The  mine  is  worked  pillar  and  room  systeni.  The  room  centers 
are  forty  feet  apart  and  a  fifteen  foot  pillar  is  left.  The  side  en- 
tries are  run  400  feet  apart. 

The  surface  plant  consists  of  a  12x24  inch  hoisting  engine  and 
five  foot  drum.  Haulage  on  the  main  entries  is  by  tail  roi)e,  using 
five-eighths  and  three-fourths  inch  cable,  driven  by  a  12x18  inch 
engine  and  wound  on  a  five  and  a  half  foot  drum.  Air  is  supplied 
by  a  ten  foot  fan  driven  by  a  10x16  inch  engine. 

An  automatic  dumping  cage  is  in  use.  The  coal  is  dumped  di- 
rectly over  a  standard  screen  or  ''grizzly."  The  screenings  are 
elevated  and  graded  into  nut,  pea  and  slack.  Considerable  rock  is 
hoisted  and  must  be  taken  off  at  a  lower  level,  an  arrangement 
which  involves  a  loss  of  time. 


Fig.  64.     Ti-jple  of  shaft  No.  2,  Hocking  Coal  Company,  Hocking. 


Mine  No.  2  is  very  similar  in  general  character  to  No.  1.  A 
conical  drum,  a  larger  fan  and  hand  dump  are  the  chief  differ- 
ences in  surface  equipment.    Rolls  and  floor  irregularities  are  of 
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is  three  feet  two  inchee  and  the  wheel  base  two  feet  The  hinged 
gate  of  the  car  is  fastened  by  two  latches  of  inch  iron,  which  must 
be  raised  when  the  car  is  dumped. 

Ventilation  is  very  expensive  in  the  larger  Iowa  mines  on  ac- 
count of  the  number  of  trappers  required  to  facilitate  haulage. 
Unless  undercasts  or  overcasts  are  to  be  built  Ihe  only  solution  for 
the  trapper  problem  is  the  automatic  door.  Such  doorsi  are  in  use 
in  the  Whitebreast  mine.    As  haulage  is  in  both  directions  the 


FlO.  67.     Diagram  showing  nrrangement  of  tracks  and  switcht\s  in  the  Whitebreast  tipple. 

doors  must  swing  either  way,  open  easily  when  the  mule  pushes 
against  them  with  his  head  and  shut  promptly  and  tightly  after 
the  trip  has  passed.    On  each  side  of  the  door,  weights  are  sus- 
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hoisting  engine  is  a  Litchfield  pattern  and  has  cylinders  sixteen 
by  thirty-four  inches.  The  one  and  one-fourth  indi  hoisting  ropes 
are  wound  on  direct  connected  six  foot  drums.  The  air  shaft  is 
situated  about  300  feet  east  of  the  main  shaft  and  has  two  com- 
partments, one  for  air,  the  other  for  hoisting  in  case  the  main 
engine  be  disabled.  •  The  auxiliary  engine  for  this  purpose  has 
eight  by  twelve  inch  cylinders  with  a  three  foot  drum  and  three- 
fourths  inch  rope.  The  fan  is  fourteen  feet  in  diameter  and  is  run 
by  an  engine  with  fourteen  by  twenty-four  inch  cylinders.  All 
are  enclosed  in  a  fireproof  house  sheathed  with  corrugated  iron. 
The  machine  shop  is  a  well  equipped  building  thirty-six  by  sixty 


Fio.  66.     steel  tipple  of  Whitebreast  Fael  Company  in  course  of  construction. 

feet  and  the  tools  and  facilities  for  repairing  mine  equipment  can 
be  increased  readily  with  increased  tonnage.  At  present  an  eight 
by  ten  inch  Ottumwa  engine  supplies  power  to  a  Champion  blower 
and  an  upright  post  drill.  All  of  the  blacksmith  work  is  done  in 
this  building,  mine  cars  can  be  run  in  and  repaired  and  tools  un- 
loaded easily. 

Steel  cars  weighing  HOD  pounds  and  having  a  capacity  of  45 
cubic  feet  are  used  under  ground.    The  gauge  of  the  mine  track 
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In  the  tipple  three  men  are  employed  in  handling  the  ears ;  two 
remove  the  loaded  car  from  the  cage,  dump  it  and  switch  it 
around  the  shaft  to  the  eager.  A  steel  plate  is  used  instead  of 
switches  on  the  empty  car  side  of  the  shaft.  The  arrangement  of 
the  switches  in  the  tipple  permits  all  possible  combination  in  the 
handling  of  cars,  except  that  rock,  and  coal  for  local  trade  must 
be  hoisted  in  one  shaft. 

The  output  of  the  mine  is  lump  and  steam  ooal.  The  lump  coal 
is  loaded  largely  into  box  oars,  which  necessitates  considerable 
labor  if  machinery  is  not  used.  The  coal  must  be  moved  from  the 
middle  of  the  car  to  the  ends  in  order  that  the  car  may  be  loaded 
to  its  full  capacity  and  that  the  load  may  be  placed  over  the 
trucks.  The  box  car  loader  in  use  here  was  manufactured  at  the 
mine.  The  sweep  is  not  solid  to  the  shaft,  but  consists  of  a  steel 
blade  eight  inches  wide  and  one  and  three-fourths  inches  thick. 
The  loadter  has  a  sweep  of  three  feet  and  is  operated  by  an  eight 
by  fourteen  inch  engine. 

Bluff  Creek  JBo^m.— The  first  biennial  report  of  the  state  mine 
inspector,  printed  in  1881,  states  that  unimportant  openings  had 
been  made  along  Bluff  creek  and  that  a  local  supply  was  obtained 
during  the  winter  months  from  these  country  banks.  It  was  not 
until  1901  that  the  district  became  a  real  factor  in  the  coal  pro- 
duction of  the  county  and  in  1902  the  basin  became  a  most  im- 
portant mining  community  in  the  state.    In  1900  and  1901  the 


Fig.  88.     View  of  Buxton  from  the  west. 


Consolidation  Coal  Company  founded  the  town  of  Buxton  on  the 
extension  of  the  Muchakinock  branch  of  the  Chicago  &  North- 
western railway  and  opened  mine  number  10  about  two  miles 
south  of  the  town.    In  1901  and  1902  the  company  put  down  shaft 
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No.  11,  which  is  located  abont  a  mile  south  of  number  10.  Both 
shafts  are  in  full  operation  at  the  present  time,  while  shafts  12 
and  13  are  being  sunk.  Buxton  is  an  ideal  mining  town.  It  waa 
laid  out  on  a  rolling  hillside  facing  north  and  west  Houses  are 
better  built  and  larger  than  those  usually  provided  in  mining 
camps.  They  average  one  full  story  and  a  half  and  are  well  kept. 
The  streets  are  regularly  laid  out  and  the  town  as  a  whole  pre- 
sents a  thrifty  appearance.  Mine  number  10  is  located  on  the  sec- 
ond bottom  land!  along  Bluff  creek  and  prospects  usually  show 
three  seams  of  coal,  while  mine  number  11  is  located  on  the 
prairie  upland  and  prospects  in  the  vicinity  show  as  many  as 
seven  distinct  seams.  The  veins  vary  from  six  inches  to  above  six 
feet  in  thickness.  Only  the  lowest  vein  in  each  case  is  considered 
of  sul^cient  thickness  to  wajrant  development  imder  present  oon- 
ditions.  The  following  section^  may  be  considered  to  be  fairly 
representative  of  the  bottom  land  prospects: 

FBBT.    INCHES. 

9.  Surface  wash  and  drift 12 

8.  Sandstone 1  6 

7.  Clay  shale 3 

6.  -Shale,  dark 6 

5.  Clay,  shale 10  6 

4.  Shale,  dark 9  7 

3.  Coal 1  8 

2.  Shale,  dark 62  7 

1.-  Coal '. 6  2 

113      

Of  the  upland  prospects  the  following  is  about  an  average: 

FBBT.    INCHES. 

20.  Drift  and  loess 25 

19.  Sandstone,  gray 29  6 

18.  Clay  shale 3  6 

17.  Shale,  dark 3  1 

16.  Coal 1  9 

15.  Shale,  light 10  2 

14.  Coal 2 

13.  Shale,  dark 3  6 

12.  Coal 1  3 

11.  Shale,  light 32 

10.  Coal 10 

9.  Shale,  light 21 

8.     Shale,  dark 2  4 

7.     Coal 6 
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In  the  tipple  three  men  are  employed  in  handling  the  ears ;  two 
remove  the  loaded  car  from  the  cage,  dump  it  and  switch  it 
around  the  shaft  to  the  eager.  A  steel  plate  is  used  instead  of 
switches  on  the  empty  car  side  of  the  shaft.  The  arrangement  of 
the  switches  in  the  tipple  permits  all  possible  comibination  in  the 
handling  of  cars,  except  that  rock,  and  coal  for  local  trade  must 
be  hoisted  in  one  shaft. 

The  output  of  the  mine  is  lump  and  steam  coal.  The  lump  coal 
is  loaded  largely  into  box  oars,  which  necessitates  considerable 
labor  if  machinerj^  is)  not  used.  The  coal  must  be  moved  from  the 
middle  of  the  car  to  the  ends  in  order  that  the  car  may  be  loaded 
to  its  full  capacity  and  that  the  load  may  be  placed  over  the 
trucks.  The  box  car  loader  in  use  here  was  manufactured  at  the 
mine.  The  sweep  is  not  solid  to  the  shaft,  but  consists  of  a  steel 
blade  eight  inches  wide  and  one  and  three-fourths  inches  thick. 
The  loadter  has  a  sweep  of  three  feet  and  is  operated  by  an  eight 
by  fourteen  inch  engine. 

Bluff  Creek  JBo^m.— The  first  biennial  report  of  the  state  mine 
inspector,  printed  in  1881,  states  that  unimportanit  openings  had 
been  made  along  Bluff  creek  and  that  a  local  supply  was  obtained 
during  the  winter  months  from  these  country  banks.  It  was  not 
until  1901  that  the  district  became  a  real  factor  in  the  coal  pro- 
duction of  the  county  and  in  1902  the  basin  became  a  most  im- 
portant mining  community  in  the  state.    In  1900  and  1901  the 


Fig.  68.     View  of  Buxton  from  the  west. 


Consolidation  Coal  Company  founded  the  town  of  Buxton  on  the 
extension  of  the  Muchakinock  branch  of  the  Chicago  &  North- 
western  railway  and  opened  mine  number  10>  about  two  miles 
south  of  the  town.    In  1901  and  1902  the  company  put  down  shaft 
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No.  11,  which  is  located  about  a  mile  south  of  number  10.  Both 
shafts  are  in  full  operation  at  the  present  time,  while  shafts  12 
and  13  are  being  sunk.  Buxton  is  an  ideal  mining  town.  It  waa 
laid  out  on  a  rolling  hillside  facing  north  and  west  Houses  are 
better  built  and  larger  than  those  usually  provided  in  mining 
camps.  They  average  one  full  story  and  a  half  and  are  well  kept. 
The  streets  are  regularly  laid  out  and  the  town  as  a  whole  pre- 
sents a  thrifty  appearance.  Mine  number  10  is  located  on  the  sec- 
ond bottom  land)  along  Bluff  creek  and  prospects  usually  show 
three  seams  of  cool,  while  mine  number  11  is  located  on  the 
prairie  upland  and  prospects  in  the  vicinity  show  as  many  as- 
seven  distinct  seams.  The  veins  vary  from  six  inches  to  above  six 
feet  in  thickness.  Only  the  lowest  vein  in  each  case  is  considered 
of  sufficient  thickness  to  warrant  development  under  present  con- 
ditions. The  following  section  may  be  considered  to  be  fairly 
representative  of  the  bottom  land  proepectsi: 

FBBT.    INCHES. 

9.     Surface  wash  and  drift 12 

8.     Sandstone 1  6 

7.     Clay  shale 3 

6.  -Shale,  dark 6 

5.     Clay,  shale 10  6 

4.     Shale,  dark 9  7 

3.     Coal 1  8 

2.     Shale,  dark 62  7 

1.-    Coal ! 6  2 

113      

Of  the  upland  prospects  the  following  is  about  an  average: 

FBBT.    INCHBS. 

20.     Drift  and  loess 25 

19.     Sandstone,  gray 29  6 

18.     CUyshalc 3  6 

17.     Shale,  dark 3  1 

16.    Coal 1  9 

15.    Shale,  light 10  2 

14.    Coal 2 

13.    Shale,  dark 3  6 

12.    Coal 1  3 

11.     Shale.light 32 

10.     Coal 10 

9.     Shale,  light 21 

8.     Shale,  dark 2  4 

7.     Coal 6 
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6.  Shale 15  10 

5.  Sandstone 3 

4.  Shale,  gray 13  11 

3.  Coal 2 

2.  Shale,  dark 49 

1.  Coal 5 
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The  records  of  the  entire  district  show  the  presence  of  dark 
shale  just  above  the  lower  coal  seam  which  varies  from  forty  to 
about  sixty  feet  in  thickness.  This  shale  appears  to  be  always 
present  and  furnishes  a  good  safe  roof. 

Mines  numbers  10  and  11  are  thorougilily  modem  and'  up  to 
date  on  every  way.  The  tower  of  number  10  is  of  steel  construo- 
tion  and  is  believed  to  be  the  highest  tipple  in  the  state,  measuring 
sixty-nine  feet  to  the  top.  Power  is  supplied  by  a  battery  of 
the  three  150  horse  power  boilers  manufactured  by  the  National 
Machinery  Company  of  Chicago.  A  direct  connected  hoisting 
engine  of  the  Ottumwa  Iron  Works  pattern  with  18  by  32  inch 
cylinders  is  used.  The  hoisting  rope  is  one  and  a  fourth  inch  steel 
wire  and  is  wound  on  a  six  foot  drum.  The  mine  cars  weigh  900 
pounds  and  will  hold  fromi  2000  to  3000  pounds  of  lump  coal  and 
when  the  mine  ist  running  full  capacity  an  average  of  four  oars 
per  minute  is  hoisted.  Cages  dump  automatically  and  one  man  is 
required  at  the  tip  to  take  up  checks.  The  weigh  room'  is  on  the 
ground  level;  the  coal  is  run  over  a  standard  grizzly  and  arrange- 
ments are  made  for  the  separation  of  the  screening  into  nut  and 
slack,  although  fancy  steam  coal  is  the  usual  product.  The  plant 
is  equipped  with  an  Eagle  Iron  Works  box  ear  loader. 

The  arrangements  at  the  bottom  are  such  that  all  of  the  loaded 
oars  are  caged  from  one  side  and  the  empties  are  removed  from 
the  other.  Only  one  man  is  required  to  cage.  A  double  track 
with  a  one  and  a  half  per  cent  grade  leads  to  the  shaft,  each 
track  holding  sixteen  cars,  the  cars  being  controlled  by  sprags. 
The  empty  cars-  run  from  the  cages  by  gravity  and  pass  an  auto- 
matic switch,  after  which  they  are  shunted  right  and  left  On 
the  empty  car  side  the  track  is  lowered  so  that  the  entire  entry  is 
below  the  coal  seam,  the  coal  serving  as  the  roof. 
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In  a  number  of  places  the  main  entries  are  roofed  by  leaving  in 
a  portion  of  the  vein;  the  shaft  is  protected  by  forty  foot  coal 
pillars ;  the  coal  runs  from  five  to  seven  feet  in  thickness  and  is 
fairly  uniform  in  character.  Pyritic  concretions  and  clay  iron- 
stone bowlders  are  not  as  common  as  in  the  other  districts  of  the 
county.  Black  jack  comes  in  as  usual,  but  rarely  exceed^s  six 
inches  in  thickness.    The  roof  is  uniformly  good  and  shows  but 


Fig.  60.     Steel  tipple,  showing  box  car  loader,  shaft  No.   10,  Consolidation  Coal  Com- 
pany, Buxton. 

few  slips  and  cuts.  It  consists  of  a  blue  gray  to  black  shale  and  is 
but  slightly  aflfected  by  the  weather.  A  thin  seam  of  false  shale 
or  d^raw  shale  varying  from  two  to  twelve  inches  in  thickness  is 
often  present,  but  gives  comparatively  little  trouble.  The  rock 
away  from  the  bottom  is  wholly  gobbed  in  the  vacant  rooms.  Ir- 
regularities in  the  way  of  thickening  and  thinnings  and  rolls  and 
Twamps  are  not  unlike  those  in  other  mining  camps  of  the  region. 
The  floor  inequalities  rarely  exceed  ten  or  fifteen  feet.  The  only 
water  encountered  was  in  the  drift,  principally  at  the  air  shaft. 
All  of  the  water  which  gathei*s  in  the  mine  is  used  in  wetting 
down  the  entries,  although  formerly  a  pump  was  operated. 

The  room  and  pillar  system  of  mining  is  used,  the  rooms  bein^ 
turned  forty  feet  from  center  to  center    and    driven  210  feet 
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Widening  out  begina  after  twenty  feet.  No  undercutting  or  min- 
ing is  done.  The  coal  is  produced  wholly  by  shooting  from  the 
solid. 

The  Consolidation  Coal  Company  hasi  five  chum  drills  pros- 
pecting on  lands  adjacent  to  those  now  being  worked  by  the  eom^ 
pany.  These  drills  are  operated  very  economically  by  three  horse 
power  Clingman  gasoline  engines.  The  engines  at  400  revolu- 
tions per  minute  drive  the  drills  at  90  strokes  per  minute. 

MINING   METHODS. 

The  productive  Coal  Measures  of  Monroe  county  underlie  prac- 
tically the  entire  county.  Careful  exploration  with  the  diamond 
drill  has  shown  the  absence  of  coal  in  certain  belts.  There  still 
remain  unexplored  and  undeveloped  some  very  large  districts, 
especially  in  the  northern  and  western  parts  of  the  county.  The 
extension  of  railroad  lines  will  at  once  permit  the  development  of 
large  areas  which  have  been  located  in  these  virgin  districts. 

Drillmg.— The  location  of  workable  coal  and  the  determination 
of  the  acreage  are  difficult  and  expensive  in  such  a  county  as  this. 
The  outcrops  of  the  Coal  Measures  are  few,  the  drift  is  thick  and 
erosion  has  cut  out  considerable  coal.  In  the  northeastern  part 
of  the  county  exploration  is  simpler  than  in  the  south  and  west. 
The  streams  of  Pleasant  township  show  coal  smudge  and  a  few 
outcrops.  Prospecting  can  be  done  by  means  of  drifts  and  pits. 
As  the  till  sheet  thickens  it  becomes  necessary  to  use  the  chum 
drill  or  the  diamond  drill.  Large  areas  about  Coalfield  and 
Smoky  Hollow,  Hilton,  Foster,  Hiteman  and  Buxton  have  been 
examined.  For  many  years  the  common  chum  drill  alone  was 
used,  but  today  most  of  the  companies  prefer  and  use  the  diamond 
drill.  A  notable  exception  is  the  Consolidation  Coal  Company, 
which  employs  only  the  chum  drill.  The  value  of  drill  sections 
depends  upon  the  accuracy  with  which  the  various  strata  inter- 
sected are  recorded  and  the  number  of  drill  holesi  per  acre.  An 
intelligent  and  skillful  drill  runner  can  obtain  remarkably  accu^ 
rate  results  with  the  chum  drill,  but  the  average  drill  man  returns 
reports  which  fail  to  check  with  subsequent  records  obtained  by 
sinking  a  shaft.  The  average  driller  regards  only  the  fact  that 
he  is  looking  for  coal  and  considers  the  accurate  observation  an4. 
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record  of  other  than  carboniferous  strata  a  waste  of  time  and 
energy.  For  the  driller  who  tries  to  record  what  he  actually  cuts 
there  are  many  difficulties.  Sludge  from  intersected  argillaceous 
beds  mixing  with  that  from  the  bottom  of  the  hole  often  causes  a 
stratum  to  be  recorded  with  an  exaggerated  thickness.  Changes 
from  sandstone  to  shale,  shale  to  sandstone,  shale  to  coal  and  coal 
to  fire  clay  are  easily  noted  and  are  generally  accurately  recorded. 
But  the  changes  in  the  character  of  shales  are  very  seldom  given 
correctly.    If  the  drill  hole  is  to  tell  nothing  more  than  the  pres- 


Fio.  70.      Diamond  drill  of  the  Wapello  Coal  Company.  Z^ 

ence  or  absence,  and  the  thickness  of  the  coal  seam,  the  chum 
drill  can  be  satisfactorily  employed.  By  the  use  of  the  diamond 
drill  several  other  important  observations  may  be  made.  Princi- 
pal among  these  are  the  examination  of  the  coal  as  to  physical 
character  and  calorific  value,  and  the  examination  of  the  rocks  of 
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the  adjacent  strata.  Today  much  of  the  fuel  put  upon  the  market 
is  sold  on  its  heating  value.  The  careful  investor  and  operator 
should  know  just  what  he  is  going  to  mine  and  put  on  the  market 
l)ef ore  beginning  to  sink  a  shaft.  A  diamond  drill  hole  is  cheaper 
than  a  shaft  and  gives  a  fair  sample  for  calorific  tests.  The  fria- 
bility of  coal  can  be  observed  from  the  diamond  drill  core  and  its 
ability  to  stand  shipment  noted.  Too  much  emphasis*  cannot  be 
placed  upon  these  examinations  of  the  coal  prior  to  the  opening 
up  of  the  seam.  Sometimes  the  inability  of  the  coal  to  stand 
shipment  is  not  discovered  until  it  is  found  that  the  coal  is  not 
marketable.  The  character  of  the  stratum  overlying  the  coal 
mieans  much  to  the  operator,  for  the  expense  of  brushing  and  tim- 
bering air  and  haulage  ways  cuts  down  profits  at  a  remarkable 
rate.  In  extreme  cases  a  poor  roof  may  prevent  the  mining  of 
good  coal.  A  shale  that  is  very  brittle  or  has  many  slips  or  one 
that  carries  considerable  pyrite  or  clay  ironstone  bowlders  causes 
no  end  of  trouble,  especially  on  entries  which  must  be  kept  open 
for  a  considerable  length  of  time.  Something  of  the  character  of 
the  shale  as  regards  ability  to  withstand  pressure  and  exposure  to 
air  currents  can  be  learned  fiom  a  diamond  drill  core.  The 
amount  of  covering  and  the  integrity  and  position  of  the  strata 
with  regard  to  water-bearing  horizons  must  be  noted  with  care 
and  the  shaft  te  located  where  the  most  favorable  conditions  are 
shown.  A  single  drill  hole  means  little  or  nothing  in  this  dis- 
trict. One  hole  may  show  no  ccal  while  a  few  rods  away  a  second 
hole  may  show  a  seam  of  good'  thickness.  Many  cases  are  on 
record  to  shew  how  fre<iuent  have  been  the  errors  in  assuming 
the  presence  of  good  coal  over  large  tracts  when  several  holes 
seem  to  show  uniformity  and  regularity.  Numerous  holes  must 
be  drilled  at  regular  intervals  in  order  to*  prove  the  integrity  of 
the  ccal  scam.  One  opeiator  in  this  field  says:  *'We  are  never 
sure  of  the  presence  of  coal  until  we  have  our  entries  driven  and 
the  things  opened  up  in  good  shajoe. ''  This  fact  has  been  appre- 
ciated by  all  of  the  companies  and  the  numerous  drill  crews  at 
wcrk  almost  c  cntinucusly  are  detennining  very  carefully  the 
exact  boundaries  of  the  several  coal  basins. 

The  cci^t  of  drill  holes  i>er  foot  varies  considerably,  depending 
principally  upon  the  character  of  the  materials  penetrated,  depth 
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of  hole  and  cost  of  fuel  and  water.  When  the  dirift  carries 
bowlders  much  time  is  loet  in  getting  through  or  around  them  and 
<}uite  often  the  hole  is  lost.  The  more  regular  the  material  the 
more  easily  is  the  drill  operated  and  the  expense  is  proportion- 
ately less.  The  depth  of  the  hole  means  considerable  to  the  drill 
orew.  Both  the  shallow  and  the  deep  holes  are  expensive.  In  the 
former  case  it  is  necessary  to  move  often  and  much  time  is  lost  in 


Fic.  71.    Churn  drill  of  the  Consolidation  Coal  Company,  operated  by  a  gasoline  engine. 

setting  up  the  outfit.  When  the  hole  is  very  deep  progress  is  im- 
peded considerably  by  the  additional  friction,  of  rope  and  rods. 
Fuel  and  water  charges  become  large  when  either  or  hoth  must  be 
hauled  some  distance.  Coal  itself  is  cheap,  but  teaming  charges 
add  a  large  figure  for  drills  operating  at  a  distance  from  mines 
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and  railroads.  Gasoline  has  been  adopted  as  a  fuel  for  the  chum 
drills  operated  by  the  Consolidation  Coal  Company  and  is  giving 
excellent  satisfaction.  Three  horse  power  Clingman  gasoline 
engines  furnish  power  for  their  drills.  The  cost  of  teaming  is 
thus  reduced  to  a  minimum  as  water  is  required  only  for  cooling 
the  cylinder  and  for  removing  the  broken  material  from  the  drill 
hole.  In  developing  a  large  tract  of  coal  land  it  is  quite  im- 
portant to  mark  and  record  the  exact  location  of  the  drill  holes. 
The  most  accurate  and  only  reliable  way  to  preserve  drill  records 
is  to  connect  all  drill  holes  with  section  comers  by  actual  surveys 
with  the  transit  and  to  determine  the  elevation  of  the  surface  at 
each  hole. 

Opening  the  Miuc—KsLving  the  exact  location  and  elevation  of 
each  hole  and  the  depth  of  the  coal  seam  beneath  the  surface,  the 
actual  elevations  of  the  coal  seams  and  the  dips  and  rises  can  be 
plotted.  Having  made  such  an  exploration  of  the  coal  field  the 
location  of  the  shaft,  the  planning  of  the  bottom,  the  driving  of 
entries  and  the  actual  underground  layout  in  order  to  produce  the 
maximum  percentage  of  coal  with  the  least  expense  in  the  haul- 
age and  drainage  columns  are  not  blind'  guesses.  Several  of  the 
large  companies  are  developing  mines  on  this  plan  and  it  is  the 
only  economical  method  of  developing  coal  properties  where  there 
are  so  many  irregularities. 

The  coal  seam  may  be  o})ened  by  a  drift,  slope  or  shaft.  When 
the  seam  crops  out  at  a  point  easy  of  access  and  sometimes  even 
when  the  outcrop  is  not  easily  approached  by  railroads  the  en- 
trance may  be  made  by  a  drift.  When  the  seam  does  not  outcrop 
or  when  the  approach  for  tracks  is  not  advantageous  or  suitable 
to  opening  by  a  drift,  a  slope  is  driven  across  the  barren  measures 
to  intersect  the  coal  seam  and  then  follow  along  it  When  the 
coal  seam  lies  at  a  considerable  depth  and  when  a  slope  is  not  con- 
sidered advisable  a  highly  inclined  or  vertical  opening  called  a 
shaft  is  made  through  the  covering  to  the  coal. 

The  dimensions  of  these  openings  will  depend  upon  their  uses 
and  the  quality  of  .the  material  through  which  they  are  driven. 
Thus  a  very  large  0{>ening  cannot  be  easily  maintained  in  heavy 
material.  In  such  a  case  it  must  of  necessity  be  as  small  as  possi- 
ble.   An  air  shaft  or  air  way  will  have  to  be  driven  with  such  an 
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area  that  it  can  easily  furnish  the  required  amount  of  air  to  the 
working  places.  A  haulage  way  in  which  mules  are  used  has  at 
•once  its  minimum  height  determined.  A  hoisting  shaft  may  comr 
porise  one,  two  or  three  compartments.  As  a  rule  there  are  at  least 
1wo  compartments  and  a  third  is  sometimes  added  for  pipes,  air 
or  ladders.  Drifts  and  slopes  vary  from  five  by  seven  feet  to  six . 
l>y  fourteen  feet  in  cross  section.  Shafts  vary  from  six  by  ten 
feet  to  seven  by  fourteen  feet. 

The  Iowa  mining  laws  require  that  there  be  for  every  seam  of 
•coal  worked  in  the  mine  ''two  separate  outlets,  separated  by  nat- 
ural strata  of  not  less  than  100  feet  in  breadth  by  which  shafts 
or  outlets  distinct  means  of  ingress  and  egress  are  always  availa- 
ble to  persons  employed  in  the  mine.  *  *  *  and  if  the  mine  is 
a  slope  or  drift  opening  the  escape  shall  be  separated  from  the 
other  openings  by  not  less  than  fifty  feet  of  natural  strata.  *  *"  * 

After  one  of  the  main  openings  to  the  mine  is  determined  the 
second  opening  is  located!  within  the  limits  of  the  law.  The  hoist- 
ing shaft  should  be  located  so  that  it  will  cut  the  lowest  point  of 
the  coal  basin  and  at  the  same  time  pass  through  material  which 
is  diy  and  can  be  supported  easily.  The  requirements  as  to  sur- 
face facilities  are  also  important  and  must  be  considered.  The 
grades  on  the  railroad  approaches  should  be  light  and  the  spur 
that  must  be  built  as  short  as  possible.  There  should  be  space 
available  for  track^s,  for  empty  and  loaded  cars.  When  the  coal 
is  hauled  out  through  a  drift  or  slope,  tracks  of  sufficient  length 
io  aocommodlate  two  trips  should  be  provided.  Sometimes  long 
trestles  must  be  built  for  such  tracks  when  undergroimd  condi- 
1ions  do  not  warrant  the  openings  being  driven  at  points  offering 
greater  facilities,  for  the  simpler  and  cheaper  installation  of  the 
top  works. 

Shaft  sinking  through  the  Coal  Measures  presents  no  serious 
difficulties,  but  when  there  is  a  heavy  drift  sheet  carrying  nu- 
merous bowlders  many  precautions  must  be  taken.  The  work  of 
sinking  is  all  done  by  hand.  Horse  whims  or  gins  ai'e  used  to 
hoist  the  buckets,  into  which  the  broken  ground  is  loaded.  In 
order  to  sink  large  shafts  quickly  and  when  small  shafts  exceed 
seventy-five  feet  in  depth  steam  hoists  are  generally  installed. 

•Chapter  21,  .  aws  of  1884,  Swtlon  8. 
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Water  is  often  bailed  out  in  buckets,  but  sinking  pumps  must  be 
hung  in  the  shaft  if  there  is  any  large  inflow  of  water. 

It  pays  to  timber  a  shaft  well.  According  to  the  character  of 
the  material  passed  through  the  timbering  may  be  either  heavy 
or  light.  Through  the  heaviest  ground  two  by  twelve  inch  plank 
laid  horizontally  give  good  support  Through  very  loose  ma- 
terials the  shaft  timber  may  be  hung  in  sets  from  the  top  by  a 
wire  rope  or  each  set  hung  from  the  next  one  above  by  rods.  This 
practice  is  not  common  in  the  district.  Slopes  must  be  well  tim- 
bered near  the  outcrop  because  from  season  to  season  there  is  con- 
siderable disintegration  of  the  surface  materials  and  where  the 
slopee  are  steep  there  may  be  more  or  less  **  creeping"  in  the 
spring. 

Systems  of  Miwriw ^9.— Practically  all  of  the  coal  of  this  county 
is  mined  by  the  pillar  and  room  system ;  but  one  mine  is  operating 
longwall  at  the  present  time.  The  well  known  pillar  and  room 
system  is  named  from  the  practice  of  first  removing  alternate 
blocks  of  coal,  and  leaving  the  remainder  to  temporarily  support 
the  roof.  The  rooms  or  o})enings  from  which  the  coal  is  removed 
are  rectangular  in  shape  and  vaiy  in  width  in  ^Jds  county  from 
twentj^  to  thirty -five  feet  and  are  driven  as  much  ^  200  feet  in 
length,  he  pillars  or  blocks  of  coal  remaining  to  supp^  the  roof 
vary  in  width  from  fifteen  to  twenty-five  feet.  After  ^|e  rooms 
have  been  driven  the  length  planned  the  coal  in  the  piiters  is 
mined  retreating  along  an  entry,  ** robbing  the  pillars.'*      ^ 

The  double  entiy  system  is  used  throughout  the  district.  'IVo 
entries  are  driven  parallel  and  from  fifteen  to  forty  feet  apai^ 
In  order  to  allow  the  air  to  be  carried  as  near  as  possible  to  theV 
working  face  the  entries  are  connec».ted  about  every  hundred  feet 
by  break-throughs.  Secondary  pairs  of  entries  are  driven  off  the 
main  entries  and  are  usually  from  200  to  400  feet  apart.  Rooms 
may  be  tunied  ivom  one  or  both  of  these  entries.  If  passible  the 
entries  and  rooms  are  driven  so  that  the  grade  is  in  favor  of  the 
loaded  car.  If  the  grade  will  be  against  the  load  in  either  the/ 
entry  or  the  room,  the  room  is  turned  on  the  rise. 

The  rooms  are  driven  narrow  for  about  ten  feet,  that  is  the  n€ 
or  room  turning,  or  room  door- way  is  only  seven  to  nine  f/eet 
wide.    The  work  is  then  widened  by  bearing  in  forty-five  degwees 

\ 
\ 
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on  one  or  both  sides  until  the  room  has  the  desired  width.  The 
work  is  then  carried  along  straight  until  it  holes  with  the  room 
driven  toward  it  from  the  next  entry.  Adjacent  rooms  are  con- 
nected at  frequent  intervals  by  break-throughs  in  order  that  the 
ventilating  current  may  be  carried  close  to  the  working  face. 

The  actual  work  of  the  miner  consists  in  breaking  down  the 
coal,  removing  waste  material,  loading  the  coal  into  mine  cars  and 
the  timbering  of  the  working  place.  The  coal  may  be  broken 
down  either  by  undercutting  and  shooting  or  '*  shooting  off  the 
solid. ' '  Coal  may  be  undercut  by  hand  or  by  machine.  In  this 
district  there  are  no  mining  machines  in  operation.  In  undercut- 
ting coal  the  miner  lies  on  his  side  and  cuts  out  the  bottom  coal 
with  a  pick  to  a  depth  of  from  two  and  one-half  to  three  and  a 
half  feet.  He  works  across  his  room  until  he  has  removed  across 
the  entire  face  a  triangular  section  about  twelve  inches  high  and 
two  and  a  half  to  three  and  a  half  feet  long  or  deep.  He  then 
either  wedges  down  the  coal  which  is  undercut  or  bores  several 
holes  and  shoots  it  down. 

The  general  practice  of  the  district  is  to  ** shoot  oflF  the  solid.'' 
This  simply  means  that  the  miner  does  no  undercutting  or  min- 
ing, but  puts  in  holes  and  shoots  tlie  ooal  out  or  off  the  face.  The 
first  system  is  the  more  laborious,  but  produces  the  larger  per- 
centage of  lump  coal  and  requires  less  shooting.  It  is  adapted 
rather  to  thin  veins  than  to  thick  ones. 

In  mines  in  which  there  is  a  parting  in  the  ooal  seam  the  miner 
must  give  special  care  to  the  removal  of  all  bone  or  shale  from 
the  ooal.  Bony  layers  often  occur  in  the  coal  seam,  pjerhaps  more 
often  occurring  directly  above  it.  In  either  case  the  bone  must 
\h}  removed  and  put  in  the  gob.  The  coal  is  then  loaded  into  mine 
cars.  Tracks  extend  from  the  entry  into  each  room  and  as  near 
to  the  working  face  as  possible.  Very  often  these  tracks  are  made 
of  timber  instead  of  rails.  Props  are  supplied  the  men  by  the 
company,  but  the  miner  himself  is  responsible  for  the  timbering 
of  the  working  }>lace.  The  timbers  are  placed  regularly  in  ordier 
that  the  roof  pressure  may  be  evenly  distributed,  and  whenever 
the  miner  notices  a  break  in  the  roof  he  places  timber  so  that  he 
can  support  the  pieces  until  he  has  removed  the  adjacent  coal. 
The  timbers  are  about  long  enough  to  extend  from  the  floor  to 
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tion  of  doors  or  stoppings.  Doors  are  necessary  when  any  travel 
is  maintained  along  the  second  opening.  When  two  airways  in- 
tersect, one  air  current  may  be  conducted  over  the  other  by  the 
building  of  an  overcast,  or  beneath  by  an  undercast.  An  under- 
cast  or  overcast  is  the  most  economical  method  of  getting  air 
across  a  haulage  way.  In  case  one  of  these  plans  is  not  used,  it 
is  necessary  to  put  two  doors  in  the  haulage  way.  To  open  these 
doors  when  a  trip  is  passing  through  and  *to  close  them  immedi- 
ately afterwards  requires  a  trapper.  He  is  paid  by  the  day,  gen- 
erally one  dollar  per  day.  In  large  mines  from  ten  to  twenty 
trappers  are  employed  when  no  overcasts  or  undercasts  are  built. 
It  can  be  easily  shown  that  an  overcast  can  be  paid  for  by  the 
sum  paid  out  to  trappers  in  a  year.  Automatic  doors  are  used 
in  the  Whitebreast  mine  at  Hilton  and  have  been  described  in  the 
report  on  that  mine.  The  fuel  charges  against  ventilation  are 
low;  the  principal  expense  is  for  labor  and'  by  good  timbering 
and  the  construction  of  overcasts  this  can  be  reduced  to  a  min- 
imum. 

Draiiwo^re.— Drainage  of  coal  mines  is  effected  by  the  collection 
of  the  mine  water  in  the  lowest  points  in  various  sections  of  the 
mine  and  then  by  a  number  of  air  or  electric  pumps  this  water 
may  be  lifted  to  the  sump  at  the  bottom  of  the  shaft.  Such  a 
sump  should  be  large  enough  to  hold  all  the  water  produced  in 
the  mine  for  two  days.  In  case  of  accident  to  the  main  pumps 
unless  the  sump  is  large,  the  bottom  is  very  frequently  floodfed. 
Ditches  should  be  dug  on  all  wet  haulage  ways  in  order  to  keep 
the  track  as  dry  as  possible.  Whenever  feasible,  ditches  for  con- 
ducting water  to  the  shaft  should  be  made  in  the  air  ways  rather 
than  the  main  haulage  ways.  When  entries  are  being  driven  in 
the  dip,  small  pumps  or  water  oars  will  have  to  be  put  in.  Elec- 
tric pumps  may  be  econjomically  operated  when  electric  power  is 
already  used  underground  Portable  pumps  driven  by  either  air 
or  electricity  are  to  be  recommended  for  the  opening  up  of  the 
mine. 

Haulage.—Ilanlage  underground  is  effected  either  by  mules  or 
horses  or  by  mechanical  power.  Mules  are  preferred  for  short 
hauls,  for  pulling  loaded  oars  from  the  working  places  to  the 
switches  and  for  distributing  empty  cars.    But  when  the  length 


MINING   METHODS.  407 

men  and  animals  in  the  mine  and  tlie  various  harmful  products 
resulting  from  the  combustion  of  black  powder  or  dynamite. 

The  circulation  of  air  in  a  mine  is  due  to  the  diflFerence  in 
pressure  at  different  points.  Such  difference  is  developed  in  this 
district  by  furnaces  and  exhaust  and  force  fans.  A  furnace  at 
the  bottom  of  a  shaft  will  heat  the  air  in  that  shaft  to  a  tempera- 
ture considerably  above  that  of  the  mine  and  the  atmosphere. 
This  difference  in  temperature  means  a  difference  in  weight  of 
the  air  in  the  two  shafts  and  hence  a  difference  in  pressure.  The 
cooler  air  being  denser,  is  heavier  and  cause®  greater  pressure 
than  the  warm  air  in  the  furnace  shaft.  So  the  furnace  shaft  be- 
comes an  upcast 

The  mechanical  ventilators  are  more  common  and  they  alone 
can  furnish  sufficient  air  for  a  large  mine.  Most  of  the  new  fans 
in  the  county  are  steel  and  vary  in  diameter  from  ten  to  sixteen 
feet.  They  are  generally  operated  by  direct  connection  to  a  hori- 
zontal reciprocating  steam  engine.  In  several  cases  they  are  belt 
driven  from  steam-  engines.  When  the  fan  house  is  located  over 
the  air  shaft,  at  some  distance  from'  the  main  shaft,  steam  must 
be  piped  to  the  fan  engine.  Owing  to  the  loss  by  radiation  and 
leaky  joints  there  are  generally  many  difficulties  in  supplying 
steam-  to  the  fan  engine.  Several  gas  or  gasoline  engines  have 
been  installed  for  driving  fans  and  these  give  complete  satisfac- 
tion. The  troublesome  steam  line  is  eliminated  and  the  gas  engine 
can  get  along  with  l^s  care  during  actual  operation  than  a  poor 
steam  engine. 

In  order  to  properly  distribute  the  air  to  the  various  working 
places  underground,  it  is  necessary  that  the  air  current  be  con- 
ducted in  as  direct  a  path  as  possible  to  the  sections  to  be  ven- 
tilated. When  the  mine  is  very  large  and  there  are  several  sec- 
tions it  is  advisable  to  split  the  air  current  and  ventilate  each 
section  on  a  separate  split  rather  than  to  conduct  the  air  through 
all  the  working  places  in  sucession.  The  proper  distribution  of  the 
air  requires  canvas,  brattices,  doors  and  overcasts  and  under- 
casts. 

When  air  is  carried  along  a  haulage  way  which  intersects  an- 
other pasage  not  carrying  air  it  is  necessary  that  the  carrying  be 
enclosed  through  the  intersection;  this  may  be  done  by  the  erec- 
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tion  of  doors  or  stoppings.  Doors  are  necessary  when  any  travel 
is  maintained  along  the  second  opening.  When  two  airways  in- 
tersect, one  air  current  may  be  conducted  over  the  other  by  the 
building  of  an  overcast,  or  beneath  by  an  undercast.  An  under- 
cast  or  overcast  is  the  most  economical  method  of  getting  air 
across  a  haulage  way.  In  case  one  of  these  plans  is  not  used,  it 
is  necessary  to  put  two  doors  in  the  haulage  way.  To  open  these 
doors  when  a  trip  is  passing  through  and  to  close  them  immedi- 
ately afterwards  requires  a  trapper.  He  is  paid  by  the  day,  gen- 
erally one  dollar  per  day.  In  large  mines  from  ten  to  twenty 
trappers  are  employed  when  no  overcasts  or  undercasts  are  built. 
It  can  be  easily  shown  that  an  overcast  can  be  paid  for  by  the 
sum  paid  out  to  trappers  in  a  year.  Automatic  doors  are  used 
in  the  Whitebreast  mine  at  Hilton  and  have  been  described  in  the 
report  on  that  mine.  The  fuel  charges  against  ventilation  are 
low;  the  principal  expense  is  for  labor  and'  by  good  timbering 
and.  the  construction  of  overcasts  this  can  be  reduced  to  a  min- 
imum. 

Droiiwa^re.— Drainage  of  ooaJ  mines  is  effected  by  the  coUectian 
of  the  mine  water  in  the  lowest  points  in  various  sections  of  the 
mine  and  then  by  a  number  of  air  or  electric  pumps  this  water 
may  be  lifted  to  the  sump  at  the  bottom  of  the  shaft.  Such  a 
sximp  should  be  large  enough  to  hold  all  the  water  produced  in 
the  mine  for  two  days.  In  case  of  accident  to  the  main  pumps 
unless  the  sump  is  large,  the  bottom  is  very  frequently  floodfed. 
Ditches  should  be  dug  on  all  wet  haulage  ways  in  order  to  keep 
the  track  as  dry  as  possible.  Whenever  feasible,  ditches  for  con- 
ducting water  to  the  shaft  should  be  made  in  the  air  ways  rather 
than  the  main  haulage  ways.  When  entries  are  being  driven  in 
the  dip,  small  pumps  or  water  oars  will  have  to  be  put  in.  Elec- 
tric pumps  may  be  econjomically  operated  when  electric  power  is 
already  used  underground.  Portable  pumps  driven  by  either  air 
or  electricity  are  to  be  recommended  for  the  opOTiing  up  of  the 
mine. 

Haulage.— Hsiulage  underground  is  effected  either  by  mules  or 
horses  or  by  mechanical  power.  Mules  are  preferred  for  short 
hauls,  for  pulling  loaded  oars  from  the  working  places  to  the 
switches  and  for  distributing  empty  cars.    But  when  the  length 
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of  haul  is  considerable  andl  the  grade  against  the  loads  high, 
some  medhanical  equipment  is  usually  installed.  In  Monroe 
county  the  tail-rope  is  used  in  almost  all  of  the  large  mines.  Such 
equipment  consists  of  an  engine,  either  on  the  surface  or  under- 
ground, driving  the  main  shaft  on  which  are  two  drums,  both  of 
which  may  be  loose  on  the  shaft  or  be  fastened^  by  clutches.  Two 
ropes,  the  main  and  the  tail-rope^  are  used  in  drawing  out  the 
loaded  cars  and  pulling  the  empties  back  to  the  inside  switch. 
The  main  rope  is  generally  the  heavier  rope.  In  case  there  is  a 
loaded  trip  inside  to  be  pulled  out  the  main  rope  extends  from  the 
drum  to  the  trip.  The  trip  is  fastened  to  the  rope  by  a  catch,  the 
simpler  the  catch,  the  better;  the  tail-rope  drum  is  loose  on  the 
shaft  and  the  tail-rope  passes  the  whole  length  of  the  line  around 
the  bull-wheel  at  the  end  of  the  line  and  back  to  the  rear  end  of 
the  trip.  The  tail-rope  acts  as  a  break  and  holds  the  loaded  trip 
on  grades  while  the  main  rope  pulls.  On  returning  empties  to  the 
mine  the  tail-rope  pulls  and  the  main  rope  acts  as  a  brake.  The 
tail-rope  must  be  twice  as  long  as  the  main  rope.  The  rope  is  kept 
off  the  ground  by  wooden  or  iron  rollers  placed  every  twenty  to 
thirty  feet.  On  the  curves  guide  sheaves  are  placed  so  as  to  keep 
the  strain  on  the  rope  uniform  and  to  keep  the  rope  in  the  center 
or  at  the  side  of  the  track.  Rope  haulage  can  be  used  on  almost 
any  grades  and  by  means  of  branch  ropes  coal  can  be  hauled  from 
side  entries. 

The  endless  rope  system  is  used  in  several  mines  in  the  state 
outside  of  Monroe  coimty  and  is  adapted  to  a  very  large  and  uni- 
form output  As  named,  the  rope  in  this  system  is  endless  or  con- 
tinuous. It  passes  around  the  drums  on  the  surface  or  at  the  shaft 
bottomi  at  one  end  of  the  line  and  around  a  bull-wheel  at  the  other. 
There  is  always  some  device  for  taking  up  the  slack  in  the  sys- 
tem. Cars  may  be  picked  up  individually  and  fastened  to  the 
rope  by  chains  or  grips  or  a  number  of  cars  may  be  hauled  in 
trips  by  grip  cars.  Compared  with  the  tail-rope  system  the  end- 
less rope  system  has  only  two-thirds  as  much  rope,  but  requires 
two  tracks,— one  for  empties  going  in  and  the  other  for  loads  com- 
ing out.  The  endless  rope  travels  at  a  uniform  rate  of  about  three 
miles  per  hour,  while  the  tail-roi)e  runs  as  high  as  eight  miles 
per  hour.    No  engineer  is  required  or  attendance  at  the  engine 
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while  the  tail-rope  requires  one  maiL  The  tail-rope  system  is 
better  adapted  to  hauling  from)  side  entries  and  to  the  extension 
of  the  haulage  tracks.  Bope  haulage  can  be  used  on  almost  any 
grade  and  under  a  great  variety  of  conditions.  Locomotive  haul- 
age requires  special  conditions  of  track,  generally  increased  size 
of  haulage  ways  and'  the  installation  of  an  expensive  power  plant 
and  a  power  line  of  some  kind.  Electric  haulage  has  given  satis- 
faction at  Pekay,  where  two  locomotives  have  been  in  use  for  sev- 
eral years.  At  present  there  is  no  compressed  air  haulage  plant 
in  the  state. 

Track  and  Shaft  Bottom. — The  track  underground  should  be 
kept  in  as  good  condition  as  possible.  Poor  and  ill  kept  roads  in- 
crease the  friction  of  mine  cars  at  a  remarkable  rate.  On  main 
haulage  ways  nothing  less  than  a  thirty  pound  rail  should  be  used 
aiidl  where  there  is  a  very  heavy  haul  it  is  safer  to  put  in  fifty 
pound  rails.  Lyes  and  switches  should  be  located  at  convenient 
points  wherever  there  are  long  hauls.  Considerable  track  room 
should  be  provided  at  the  bottom  of  the  shaft. 

The  general  plans  for  a  shaft  bottom  may  be,  first,  caging  from 
one  side,  and,  second,  caging  from  both  sides.  The  former  plan  is 
more  economical  of  operation,  but  demands  that  there  be  such  an 
arrangement  of  tracks  that  all  of  the  loaded  cars  can  be  oon- 
venientiy  collected  on  one  side  and  the  empties  be  handled  either 
from  the  opposite  side  or  be  switched  easily  around  the  shaft  to 
the  track  for  empties.  The  bottom  plan  of  the  Hilton  mine  al- 
ready discussed  is  a  good  example  of  caging  from  one  side  and 
shows  what  can  be  dione  when  the  bottom  is  well  designed.  When 
the  loaded  cars  are  caged  from  both  sides  of  the  shaft  the  loaded 
car  is  supplied  from  one  side  and  the  empty  is  taken  off  on  the 
other.  The  next  loaded  car  is  then  taken  from  the  opposite  side 
and  so  on.  Switches  may  be  used  at  the  shaft  bottom,  but  plates 
of  iron  are  commonJy  used  for  light  weight  cars. 

Cages.— The  cars  are  held  on  the  cages  by  latches  or  dogs  and 
are  easily  released  when  the  car  is  to  be  removed.  Quite  a  num- 
ber of  improvements  have  been  added  to  the  old  style  cage.  The 
lifting  track  and  the  automatic  dump  are .  giving  satisfaction 
wherever  used.  Self  dumping  cages  are  used  by  the  Coosolidar 
tion  and  Hocking  companies.     The  details  of  such  cages  differ 
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considerably,  but  the  general  principle  is  the  same.  The  mine  ear 
is  held  on  the  cage  so  that  when  the  floor  is  tipped  forward  it  will 
not  run  off.  The  door  of  the  car  is  caught  by  a  hook  and  when 
the  car  tips,  the  door  is  held  up  and  the  coal  falls  out  upon  the 
grizzly.  The  operation  of  the  dump  is  very  simple.  The  floor  of 
the  cage  is  mounted  pivotally  so  that  it  can  turn  easily  on  a  hori- 
zontal axis  about  three  feet  below  the  floor.  Auxiliary  guides  run 
the  full  depth  of  the  shaft,  parallel  to  the  main  guides  which 
direct  the  wheels  on  the  extremity  of  the  lever  arm,  extending  to 
the  axis  about  which  the  floor  dumps.  When  this  wheel  is  de- 
flected by  the  guides  from  a  vertical  path  the  cage  is  deflected)  in 
the  same  direction.  The  auxiliary  guides  are  so  curved  at  the 
top  of  the  shaft  that  the  cage  platform  and  the  car  on  it  are  turned 
to  an  angle  of  about  forty  degrees,  while  the  cage  frame  work  on 
the  main  guides  retains  its  vertical  position.  When  the  cage 
frame  is  lowered,  the  car  on  the  platform  returns  to  a  vertical 
position  as  the  guide  wheel  before  mentioned  following  along  the 
auxiliary  guide  leaves  the  curve  audi  follows  down  the  section 
parallel  to  the  main  guide.  Such  cages  for  automatic  dumping 
have  various  patent  details  as  to  guides,  levers  and  platforms^ 
the  general  principles  being  the  same. 

In  order  to  protect  the  workmen  at  the  top  and  the  miners  who 
descend  into  the  mine,  safety  gates,  safety  catches  and  detaching^ 
hooks  are  necessary.  Several  of  the  mines  in  this  district  have 
done  much  to  protect  their  men  and!  one  company  has  put  in 
safety  hooks. 

Top  Works. — The  top  works  and  shaft  house  or  tipple  should 
be  so  planned  and  equipped  that  the  maximum  output  of  the  mine 
can  be  easily  and  economically  handled.  Tihe  coal  must  be 
dxuniped  upon  the  screen  at  such  an  elevation  above  the  tracks  that 
it  can  be.  thoroughly  and  quickly  screened  and  yet  at  not  so  great 
a  height  that  the  lump  coal  in  dix>pping  through  to  the  railroad 
cars  is  unduly  shattered  after  leaving  the  screens. 

Power  Pia»>ti.— Hoisting  engines  and  boilers  should  be  simple,, 
durable  and  able  to  stand  hard  usage.  The  boilersi  usedl  in  this  dis- 
trict are  generally  two  flue  boilers  or  tubular  boilers  especially 
adapted  to  the  grade  of  fuel  used.  As  the  quality  of  water  varies 
oonsidierably  during  the  year  and  generally  contains  a  high  per- 
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centage  of  solid  matter  the  boiler  must  be  able  to  stand  rougher 
usage  than  those  commonly  used  by  manufacturing  establish- 
ments. The  fuel  used  is  generally  slack  or  bony  coal  wiiich  is 
unmarketable. 

The  hoisting  engine  must  be  able  to  give  rapid  hoisting,  a  quick 
start  and  must  be  easily  controlled.  The  engines  of  this  district 
are  of  both  the  common  types,  the  direct  connected  and  the 
geared.  When  direct  connected  the  engines  must  be  very  power- 
ful and  give  high  speed  hoisting.  They  must  be  controlled  easily 
and  have  powerful  brakes  in  order  that  they  can  be  stopped 
quickly  and  at  the  desired  point  The  geared  drums  permit  a 
smaller  engine  to  be  used.  In  order  to  hoist  rapidly  when  the 
gear  is  from  one  to  four  to  one  to  eight  the  engine  must  be  run 
at  a  high  speed ;  such  engines  are  easily  controlled  and  the  cage 
can  be  stopped  at  the  top  more  easily  than  when  the  engine  is 
direct  connected. 

Various  styles  of  indicators  are  used  in  engine  rooms  to  show 
the  position  of  the  cages  in  the  shaft.  The  finger  moving  in  the 
vertical  line  and  the  disk  on  which  points  are  marked  by  the  finger 
moving  like  the  hands  of  the  clock  are  the  most  common* 

Trcmsportation  and  Markets, — ^Practically  all  of  the  mines 
operating  in  the  county  are  railway  mines  and  produce  but  little 
coal  for  local  consumption.  In  1901  out  of  a  total  production  of 
over  a  million  tons  less  than  one  and  a  half  per  cent  was  sold  to 
the  local  trade  and  employes.  The  average  percentage  for  the  en- 
tire state  sold  to  the  local  trade  and  employes  during  the  same  year 
approximated  twelve  per  cent.  The  railways  are  the  chief  cus- 
tomers and  all  of  the  large  mines  usually  have  large  railway  con- 
tracts which  tend  to  steady  the  price  and  equalize  the  production 
throughout  the  year.  In  1901  Monroe  county  mines  were  in  opera- 
tion the  largest  number  of  days  of  any  of  the  great  coal  producing 
counties.  Her  record  for  the  year  was  265  day®  active,  while  the 
records  for  the  whole  state  show  an  average  of  only  218  days 
active. 

The  general  movement  of  the  coal  is  to  the  west  and  north.  An 
apparent  exception  is  in  the  case  of  the  mines  at  Hilton  and  Fos- 
ter, where  most  of  the  coal  goes  northeast  over  the  Kansas  City 
division  of  the  Chicago,  Milwaukiee  and  Saint  Paul  railway. 
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The  Miller  creek  and  Hocking  mines  are  tributaiiy  to  the  Iowa 
Central  and  the  total  output  is  carried  north.  Smoky  Hollow  dis- 
trict, Hiteman  and  the  Cedar  creek  mines  are  directly  connected 
by  spurs  to  the  Burlington  and  the  bulk  of  their  output  is  carried 
west  and'  distributed  by  the  various  branches  ofl  the  system.  The 
mines  of  the  Bluff  creek  basin  contribute  their  entire  product  to 
the  Chicago  and  Northwestern  railway  system^.  The  coal  pro- 
duoedi  by  the  Consolidation  Coal  Company  is  carried  to  Belle 
Plaine  and  from  there  distributed  north  and  west  by  the  various 
branchesi  of  the  system. 

COAL   TESTS 

Samples:  of  coal  representative  of  the  leading  mines  of  the 
county  were  tested  both  chemically  and  calorimetrically.  The 
chemical  work  was  done  by  Mr.  F.  M.  Weakley  and  the  result* 
appeared  in  the  ^*Iowa  Engineer.'^*  The  calorimetric  work  was 
under  the  direction  of  G.  W.  Bissell,  professor  of  Mechanical  En- 
gineering, Iowa  State  College,  and  the  results  are  published  m 
the  Iowa  Engineer.t  A  Parr  Standard  Calorimeter,  the  inven- 
tion  of  Professor  S.  sW.  Parr  of  the  University  of  Illinois,  was 
used.  In  the  table  below  the  calorimetric  tests  of  a  number  of 
cools  from  other  parts  of  Iowa  and  standard  fuels  from  other 
parts  of  the  country  are  added  for  comparison : 

*  Volume  II,  pp.  18-18.    Aznei,  1892. 
+Loccit.  pp.  1-12. 
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GOMPAKT  AND  LOCAUTT. 
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3| 


Consolidated  Coal  Co.  — 
Boxton,  Iowa,  No.  11. 
No.  10. 
Hocking  Coal  Ca  — 

Hooking,  Iowa,  No.  1. 
No.  2. 
Whltebreast  Fuel  Ca  — 
Hilton,  Iowa 


Average  for  flye  Monroe  county  coals  . . 
Centerrille  Block  Coal  Co.  — 

Appanoose  county 

Corey  Coal  Co.— 

Webster  county 

Crawe  Coal  Co.  — 

Boone  county 

Dee  Moines  Coal  and  Mining  Co.  — 

PoUccounty 

Eldon  Goal  and  Mining  Co.  — 

Wapello  county 

Jasper  County  Coal  and  Mining  Co.  — 

Jasper  county 

Lodwick  Bros. '  Mystic— 

Appanoose  county 

Lumsden  Coal  Co.  — 

Davis  county 

Piatt  Coal  Co. - 

Van  Meter,  Dallas  county 

Whitebreast  Fuel  Co  — 

Pekay,  Mahaska  county 

Carbon  Coal  Co.— 

Willard,  Wapello  county 


Indiana  coal,  Brazil 

Average  four  samples,  Hocking  Valley.O. 

Pocahontas  coal,  West  Virginia 

Average  of  twenty-two  Illinois  coals  .... 

Anthracite  coal - 

Foundrycoke 

Lampblack. 

Crude  petroleum,  Chanute,  Kansas 

Crude  petroleum,  Beaumont,  Texas 


87.03 
4S.e9 

40.  oe 

45.18 
40  61 
42.32 
87.73 
37.06 
41.46 
45.62 
42.72 
42  24 
30.07 
89.06 
40.54 
46.06 
31.04 
37.80 
3S.14 
18.23 
35.11 


5a  83 
45.02 

44.86 
45  34 

4S.21 

46.81 

54.85 

47.08 

5a38 

5a  20 

47.  T8 

50.27 

54.01 

53.46 

51.04 

49.89 

54.20 

56.21 

53.08 

75.06 

51.01 


80  02 
03.71 


84.88 
00.52 


80.13 
02.64 
85.06 
01.79 
05.01 
00.50 
02.51 
93.  OS 
02.52 
91.53 
92.95 
91.14 
08.10 
91.17 
93.31 
87.02 


12.08 
629 

15l12 
9.48 

n.i8 

10.83 
7  36 

14.01 
8.21 
4.00 
0.50 
7.49 
6.02 
7.48 
&42 
7.06 
8.86 
6.90 

%.m 

6.69 
12.77 


227 

as6 

7.41 
3.06 

8.26 

4.10 

a29 

5.00 

4.16 

2  74 

4.06 

a06 

3.15 

2.88 

3.68 

2.81 

2.86 

1.40 

1.68 

aoo 

3.02 


10,566 
12,080 

12,087 
12,560 

12,896 

11,922 

12.661 

12.431 

12,729 

12.041 

13,141 

12,134 

12,780 

12,007 

11,941 

13,050 

12.245 


12,532 
12.183 
14,467 
19,488 
19,00o 


The  desirable  qualities  of  a  coal  are  a  high  percentage  of  fixed 
carbon  and  total  combustibles,  and  low  percentage  of  ash  and 
sulphur.  The  sulphur  is  present  usually  in  the  form  of  iron 
sulphide  or  marcasite  and  the  hydrous  calcium  sulphate  or  gyp- 
sum. In  the  first  instance  the  sulphur  is  combustible  while  in 
the  second  it  is  not.  The  iron  of  the  sulphide  remains  with  the 
ash.  The  gypsum  is  dehydrated  and  remains  with  the  ash.  In 
the  Monroe  county  coals  the  sulphur  is  mainly  in  the  form  of  the 
sulphide.  The  coal  of  the  Centerville  seam  or  the  * ' Mystic  seam" 
of  Bain,  contains  thin  white  partings  of  gypsum.    Coke  is  the  sum 
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of  the  fixed  carbon  and  ash.  None  of  the  Monroe  county  coals  are 
suitable  for  foundry  coke,  unless  washed,  on  account  of  the  com- 
paratively high  percentage  of  sulphur. 

It  is  obvious  from  the  above  table  that  the  actual  heat  value  of 
the  coal  cannot  be  accurately  deteitnined  from  its  chemical  analy- 
sia  Nor  la  it  possible  to  determine  more  than  approximately 
from'  both  dkiemical  analysis  and  calorimeter  tests  the  coal  which 
would  yield  the  best  results  when  used  in  actual  boiler  tests.  In 
a  general  way  it  may  be  observed,  other  things  being  equal,  that 
the  coal  highest  in  fixed  carbon  gives  the  highest  results  colori- 
metrically,  but  when  consumed  under  a  boiler  may  be  beaten  by  a 
really  inferior  coal.  The  percentagie  of  volatile  carbon  affects  the 
length  of  flame  and  coals  possessing  a  high  percentage  of  volatile 
carbon  may  possess  a  distinct  advantage  over  better  coals  when 
used  with  certain  types  of  furnaces  or  boilers.  These  are  facts 
which  should  be  kept  in  mind  in  the  selection  of  a  fuel  for  a 
given  purpose  or  in  the  design  and  selection  of  grates  and  boilers 
when  a  certain  fuel  is  to  be  used. 

Olays. 

The  county  is  bountifully  supplied  with  clays  suitable  for  the 
manufacture  of  ordinary  clay  products  and  some  of  the  more  ex- 
pensive wares.  Almost  nothing  has  been  done  toward  their  utili- 
zation. The  clays  available  belong  to  two  widely  separated 
periods  and  differ  greatly  in  character.  The  stratified  clay-shales 
.of  the  Coal  Measures  cover  almost  the  entire  county,  although 
only  exposed  along  the  streamways.  The  most  available  sections 
appear  in  the  northeast  half  of  the  coimty.  Almost  every  ravine 
in  the  vicinity  of  Buxton  and  Hiteman  exhibits  liberal  sections  of 
argillaceous  beds  above  the  water  line  and  not  deeply  covered  by 
surface  materials.  Shales  appear  lower  on  the  valley  walls  along 
Coal  and  Cedar  creeks  and  their  tributaries  and  the  streams 
draining  east  from  the  divide.  Many  of  the  exposures  are  lo- 
cated directly  on  railway  lines  or  within  easy  reach  of  such  lines. 
None  of  the  older  clays  have  been  used  or  are  being  used  at  the 
present  time  in  the  manufacture  of  clay  goods. 

The  surface  clays  are  second  only  in  extent  and  thickness  to 
the  shales  of  the  older  rocks.    The  oxidized  zone  of  the  Kansan 
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drift  often  oontains  days  sufficiently  free  from  bowlders  and  peb- 
bles to  be  suitable  for  fhe  manufEustore  of  common  biick  and  drain 
tile.  The  Kansan  is  almost  everywhere  buried  by  the  loess  which 
is  especially  adapted  to  the  manufacture  of  common  brick,  dry 
press  brick  and  drain  tile.  The  upland  loess  is  often  very  fine 
textured  and  highly  prized  in  the  manufacture  of  burnt  clay  bal- 
last. The  only  day  works  in  the  county  use  the  loess.  The  some- 
what assorted  loess  is  worked  into  common  soft  mud  brick  and 
the  upland  loess  has  been  used  from  time  to  time  in  the  manufac- 
ture of  burnt  clay  ballast.  The  latter  material  does  not  give  satis- 
factory results  when  used  for  other  clay  i>roducts  on  account  of 
its  excessive  shrinkage.  Another  source  of  raw  materials  is  the 
alluvium  modified!  by  the  wash  from  the  loess  and  Kansan  and 
furnishing  a  material  which  gives  satisfactory  results  when 
wrought  into  common  mud  brick. 

Clay  Industry. --jyiirmg  1902  only  three  small  plants  were  in 
operation,  turning  out  200,000  common  brick  valued  at  $1,500. 
During  the  same  time  the  county  imported  many  timeis  the 
above  number  of  common  brick  in  addition  to  face  and  paving 
brick,  tile  and!  sewer  pipe.  This  is  unwise  economy  and  must  cor- 
rect itself  in  time.  The  various  grades  of  bride  can  be  made 
locally  at  least  as  dieaply  as  at  the  points  from  which  they  come. 
The  raw  materials  are  present  in  almost  inexhaustible  quantities 
and  readily  accessible;  an  abundance  of  cheap  coal  of  excellent 
quality  is  at  hand  and  labor  is  no  dearer  than  in  the  neighboring 
countieB.  Monroe  county  should  be  an  exporter  instead  of  bsi  im- 
porter of  clay  goods. 

Until  1902  the  county  had  been  a  large  producer  of  burnt  day 
ballast.  Upland  loess  along  the  main  line  of  the  Chicago,  Bur- 
lington and  Quincy  at  Maxon  was  utilized'  for  this  purpose  for  a 
number  of  years  and  the  pits  at  this  point  furnished  ballast  for 
the  road  even  beyond  the  limits  of  the  county.  The  Davy  Burnt 
Clay  Ballast  Company,  whose  home  office  is  at  Kenosha,  Wiscon- 
sin, installed  an  extensive  plant  at  Selection  along  the  right  of 
way  of  the  Wabash.  During  1901  the  plant  was  in  full  opera- 
tion, but  did  not  operate  during  1902. 

The  methods  used  by  the  Davy  company  in  the  manufacture  of 
burnt  clay  were  very  simple  and  very  effective.    Some  five  or  six 
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feet  of  the  surface  materials  were  used.  A  car  mounted  on  trucks 
and  equipped  with  a  steam  shovel  and  an  extra  long  boom  extend- 
ing out  at  right  angles  constitutes  the  excavating  or  ballast  ma- 
chine. At  the  beginning  the  steam  shovel  cuts  a  trench  as  it 
moves  ahead,  depositing  the  removed  materials  on  the  opposite 
side  of  the  trench  by  the  scoop  running  out  on  the  boom  and 
dumping.  The  shovel  car  is  followed  by  a  coaling  car  which  con- 
sists of  a  traveling  scoop  much  on  the  same  principle  as  the  steam 


Fio.  72.     Burnt  clay  ballast  machine  used  by  the  Davy  Burnt  Clay  Ballast  Company. 

shovel  which  brings  the  coal  to  a  belt  conveyer,  which  in  turn  de- 
posits a  thin  layer  of  coal  over  the  fresh  clay  ridge.  The  track  is 
set  back  from  the  trench  and  the  steam  shovel  cuts  a  new  swath 
transferring  the  material  across  the  trench  and  deposit- 
ing it  evenly  over  the  preceding  layer.  This  in  turn 
is  followed'  by  the  coaling  machine  and  the  process  re- 
peated over  and  over  again.  The  first  layers  are  fired 
and  the  fire  passes  from  one  layer  to  another,  the  process 
being  continuous  when  once  well  under  way.  The  amount  of  coal 
added  is  intended  to  be  sufficient  to  bum  all  or  nearly  all  of  the 
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types  may  be  recognized;  the  modified'  loess-Kaasan  of  the  up^ 
land  and  the  alluvial  of  the  bottom  and  ''second  bottom"  lands. 
The  first  covers  much  the  greater  area,  while  the  latter  is  the  more 
tractable  and  may  be  the  more  productive.  Near  the  divides  the 
day  constituent  may  be  so  great  in  the  loess-Kansan  as  to  render 
it  mucky  and  imperfectly  drained.  In  such  instances  the  land  is 
cold  when  wet  and  tends  to  bake  when  it  dries,  qualities  not  fa- 
vorable to  the  growth  of  cereals.  Much  of  the  county  is  so  greatly 
stream  dissected  that  there  is  a  considerable  tendency  to  wash 
under  the  processes  of  agriculture,  but  affords  excellent  pastur- 
age. The  bottom  laud!  soils  are  more  porous  an  dare  usually 
highly  productive  when  not  too  sandy.  In  especially  wet  seasons 
they  are  sometimes  subgect  to  inundation. 

Potable  Waters. 

An  adequate  water  supply  during  seasons  of  prolonged  drouth 
is  a  serious  problem  for  a  considerable  portion  of  the  county.  All 
of  the  wells  thus  far  put  down  are  shallow,  the  majority  drawing 
their  supply  from  the  gravels  and  sand's  at  the  base  of  the  drift, 
tEe  sub-loessial  sands  or  from  the  alluvial  sands  and  gravels. 
I>uring  wet  seasons  all  of  these  furnish  a  fairly  stable  supply,  but 
during  the  summer  of  1901  all  proved  more  or  less  untrustworthy. 
A  few  wells  completely  penetrate  the  superficial  materials  and 
enter  the  indurated  rocks  with  indifferent  results.  Stock  water 
is  obtained  largely  by  the  construction  of  artificial  ponds.  Em- 
bankments are  built  across  the  sharp  draws  and  ravines  and  the 
storm  water  is  conserved.  This  is  possible  because  of  the  im- 
pervious character  of  the  surface  materials.  None  of  the  cities 
and  towns  have  a  suflSdent  supply  of  water  for  domestic  use  and 
fire  protection  save  Eddyville,  and  even  Eddyville  has  done  but 
little  towards  utilizing  her  advantages.  The  domestic  water 
supply  of  AlWa  is  obtained  from  shallow  wells  and  the  town  pos- 
sesses a  very  inadequate  water  supply  and  waterworks  system  for 
fire  protection.  An  artificial  pond  affords  a  reserve  in  case  of  a 
conflagration.  The  mining  towns  of  Buxton,  Hiteman  and  Hilton 
have  a  most  precarious  supply  of  water  in  dry  seasons.  The  first 
mentioned  town  was  almost  wholly  dependent  on  water  brought 
in  tank  cars  from  the  Des  Moines  river  during  19UI.     It  is  only 


SAND.  419 

sometimes  attaining  an  inch  or  two  in  diameter.  The  same  beds 
are  quarried!  at  several  points  along  Miller  creek  in  Wapello 
comity  and  similar  beds  are  quite  extensively  developed  at 
Ihidley. 

Sand. 

Away  from  the  valley  of  the  Des  Moines  river  and  its  tribu- 
taries in  the  immediate  neighborhood,  building  sand  is  a  compara- 
tively scarce  article.  The  short  stretch  of  the  Des  Moines  affords 
sand  suflScient  for  the  entire  county.  Some  of  the  larger  streams 
in  the  northwest  section  bear  gravel  terraces  which  furnish  some 
building  sand.  The  loess  near  the  more  important  drainage  lines 
grades  downward  into  clayey  sands  suitable  for  molders'  pur- 
poses.   The  dunes  along  the  Des  Moines  afford  similar  material. 

Road  Materials. 

Boad  materials  ready  for  use  are  comparatively  scarce.  Ter- 
race gravels  occur  along  some  of  the  larger  streams,  but  the  de- 
I>6sits  are  uncertain  and  somewhat  interrupted.  The  Chicago, 
Burlington  and  Quincy  railway  company  has  put  down  a  num- 
ber of  test  pits  along  Whippoorwill  creek.  The  pits  show  from 
two  to  ten  feet  of  gravel.  The  gravels  are  evidently  stratified  and 
in  some  of  the  pits  fairly  free  from  clay  and  silt  and  suitable  for 
railway  and  road  ballast.  These  gravels  form  a  terrace  some 
twenty  to  thirty  feet  higher  than  the  present  flood  plain.  As  a 
rule  the  terraces  at  lower  levels  are  composed  of  fine  gravels, 
sands  and  silts  and  not  so  well  suited  for  road  work.  The  indu- 
rated rocks  contribute  nothing  in  the  way  of  road  materials.  The 
Coal  Measures  are  not  suflSciently  indurated  and  the  Saint  Louis 
not  sufficiently  accessible  to  be  of  importance. 

For  manufactured  road  materials  the  surface  clay  affords  an 
inexhaustible  supply  of  raw  material  suitable  for  the  manufac- 
ture of  burnt  clay  ballast.  This  topic  has  been  discussed  suffi- 
ciently under  the  head  of  the  clay  industn^ 

Soils. 

As  in  all  of  the  other  counties  of  the  state  the  soils  are  after 
all  the  most  important  asset  of  the  county.    Two  fairly  distinct 
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types  may  be  recognized ;  the  modified!  loess-Kaasan  of  the  up^ 
land  and  the  allmaal  of  the  bottom  and  "second  bottom''  lands. 
The  first  covers  much  the  greater  area,  while  the  latter  is  the  more 
tractable  aad  may  be  the  more  productive.  Near  the  divides  the 
day  constituent  may  be  so  great  in  the  loess-Kansan  as  to  render 
it  mucky  and  imperfectly  drained.  In  such  instances  the  land  is 
cold  when  wet  and  tends  to  bake  when  it  dries,  qualities  not  fa- 
vorable to  the  growth  of  cereals.  Much  of  the  county  is  so  greatly 
stream  dissected  that  there  is  a  considerable  tendency  to  wash 
under  the  processes  of  agriculture,  but  affords  excellent  pastur- 
age. The  bottom  land'  soils  are  more  porous  an  dare  usually 
highly  productive  when  not  too  sandy.  In  especially  wet  seasons 
they  are  sometimes  subject  to  inundation. 

Potable  Waters. 

An  adequate  water  supply  during  seasons  of  prolonged  drouth 
is  a  serious  problem  for  a  considerable  portion  of  the  county.  All 
of  the  wells  thus  far  put  down  are  shallow,  the  majority  drawing 
their  supply  from  the  gravels  and  sand's  at  the  base  of  the  drift, 
tEe  sub-loessial  sands  or  from  the  alluvial  sands  and  gravels. 
I>uring  wet  seasons  all  of  these  furnish  a  fairly  stable  supply,  but 
during  the  summer  of  1901  all  proved  more  or  less  untrustworthy. 
A  few  wells  completely  penetrate  the  superficial  materials  and 
enter  the  indurated  rocks  with  indifferent  results.  Stock  water 
is  obtained  largely  by  the  construction  of  artificial  ponds.  Em- 
bankments are  built  across  the  sharp  draws  and  ravines  and  the 
storm  water  is  conserved.  This  is  possible  because  of  the  im- 
pervious character  of  the  surface  materials.  None  of  the  cities 
and  towns  have  a  sufficient  supply  of  water  for  domestic  use  and 
&te  protection  save  Eddyville,  and  even  Eddyville  has  done  but 
little  towards  utilizing  her  advantages.  The  domestic  water 
supply  of  Albia  is  obtained  from  shallow  wells  and  the  town  pos- 
sesses a  very  inadequate  water  supply  and  waterworks  system  for 
fire  protection.  An  artificial  pond  affords  a  reserve  in  case  of  a 
confla^ation.  The  mining  towns  of  Buxton,  Hiteman  and  Hilton 
have  a  most  precarious  supply  of  water  in  dry  seasons.  The  first 
mentioned  town  was  almost  wholly  dependent  on  water  brought 
in  tank  cars  from  the  Des  Moines  river  during  19U1.     It  is  only 
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a  question  of  a  few  years  until  the  water  problem  will  be  more 
urgent  than  it  is  now.  The  larger  towns  will  be  obliged  to  provide 
better  fire  protection  and  to  observe  better  sanitary  practice  in 
the  disposition  of  sewage.  To  meet  these  requirements  an  in- 
creased water  supply  is  the  first  essential.  From  the  data  in  hand 
tiie  water  supply  can  be  increased  in  two  ways:  first,  by  the  con- 
struction of  reservoirs  to  entrap  the  surface  waters,  and  second, 
by  the  sinking  of  deep  wells.  In  the  construction  of  reservoirs  to 
catch  the  storm  water  one  precaution  must  be  observed  and  that  is 
to  guard  against  any  possible  contamination  over  the  catchment 
area  and  doubtless  some  system  of  filtering  would  be  necessary. 
It  would  be  unsafe  to  provide  a  reservoir  or  supply  of  pure  water 
for  domestic  purposes  and  provide  a  reserve  supply  of  doubtful 
antecedents  for  fire  protection  when  one  system  of  mains  must 
serve  for  both.  The  impervious  character  of  the  upland  surface 
materials  renders  possible  the  construction  of  surface  ponds  or 
reservoirs  and  perhaps  affords  a  feasible  way  of  augmienting  the 
water  supply.  The  water  obtained^  in  this  way  would  be  com- 
paratively free  from  mineral  matter  in  solution  and  when  freed 
from  medianical  sediments  through  filtration  would  be  admirably 
adapted  for  boiler  and  manufacturing  purposes. 

The  second  means  of  water  supply  enlargment  through  deep 
wells  is  perhaps  more  expensive  and  the  results  are  less  certain. 
The  deeper  strata  are  practically  unexplored  in  the  county  and  the 
lower  Paleozoic  sandstones  which  afford  reliable  supplies  of  water 
in  the  ncirth  central  portions  of  the  state  have  not  been  penetrated 
in  any  of  the  adjoining  counties.  Some  information  may  be  gath- 
ered from  a  study  of  the  deep  wells  at  Ottumwa  and  Centerville 
and  it  is  possible  i6  estimate  the  probable  depths  at  which  water 
bearing  horizons  may  be  reasonably  expected.  The  well  put 
down  by  Morrell  &  Company  and  the  one  put  downl  by  the 
Artesian  Well  Company,  both  of  Ottumwa,  appear  to  draw  their 
supplies  from  about  the  same  horizon,  the  arenaceous  beds  in 
the  Silurian  reached  at  1085  and  1015  feet  below  the  surface  re- 
spectively. Both  wells  give  strong  flows  of  water  suitable  for 
domestic  purposes,  but  not  adapted  to  boiler  use  until  treated'. 

The  Centerville  deep  wells  also  draw  from  the  sandstone  beds 
of  the  Silurian  reached  at  a  depth  of  from  1200  to  1439  feet.    The 
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flow  is  not  so  strong  as  in  the  case  of  tlie  Ottumwa  wells  and  the 
water  is  more  highly  charged  with  solids. 

For  Monroe  county  the  conditions  may  be  expected  to  be  about 
the  average  of  Wapello  and  Appanoose  counties  and  the  Silurian 
aquifer  ought  to  be  reached  at  about  1200  to  1400  feet  and  the 
supply  vary  from  400  to  6O0  gallons  per  minute  as  the  average 
supply  for  the  two  Ottumwa  wells  is  reported  to  be  850  gallons 
per  minute  and  for  the  two  Centerville  wells  275  gallons  per  min- 
ute. The  water  would  probably  be  satisfactory  for  domiestic  use 
and  fire  protection,  but  could  not  be  used  without  treatment  for 
boiler  purposes.  Water  from  this  source  would  probably  rise  to 
within  250  to  300  feet  from  the  surface  at  Albia. 

To  reach  the  lower  Paleozoic  sandstone  it  would  probably  be 
necessary  to  drill  to  a  depth  of  from  2600  to  3000  feet  and  per- 
haps even  to  a  greater  depth. 
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THE  FOREST  TREES  AND    SHRUBS  OF  MONROE 

COUNTY. 

BY  L.   H     PAMMEL. 

During  the  month  of  April  I  made  a  trip  to  Monroe  county  to 
study  the  forest  trees  and  shrubs.  Stops  were  made  at  Eddy- 
ville,  Albia  and  Moravia.  The  latter  place  is  in  Api)anooee 
county,  but  it  was  a  convenient  location  to  study  forest  conditions 
as  the  county  line  is  but  a  few  miles  distant. 

The  small  streams  were,  during  the  early  settlement  of  the 
coimtry,  well  wooded  along  their  borders.  Much  of  the  best  tim- 
ber has  long  since  been  removed,  but  there  is  a  good  second 
growth  ini  many  places,  though  this  has  suffered  during 
recent  years  because  of  the  dry  weather  and  overgrazing 
in  the  woods.  The  lumbering  methods  are  most  wasteful 
in  many  cases.  There  is  a  good  demand  for  native  lum- 
ber made  from  such  species  as  the  walnut,  ash,  elm, 
Cottonwood',  and  sycamore,  especially  near  Eddyville,  where 
a  small  saw-mill  is  located.  Along  the  Des  Moines 
river  there  are  still  a  few  fine  groves  of  sycamore,  many  of  the 
larger  trees  being  12-14  feet  in  circumference.  The  chief  oak 
is  the  white  and  red.  These  are  also  cut  for  lumber  and  fuel. 
Two  other  oaks  were  observed,  the  Bur  {Qn^rcus  macroca/rpa) 
and  shingle  oak  {Q.  imbricaria) .  The  former  makes  a  good  sized 
tree  on  upland  day  woods.  The  latter  is  a  small  tree  and  nearly 
reaches  its  northern  limit  near  Eddyville. 

TILTACEAE. 

Tilia  americana  L.— Basswood.  The  species  occurs  along  the 
Des  Moines  and  its  tributaries  in  the  vicinity  of  Eddyville.  On 
the  moist  sandy  hills  a  second  growth  tree  was  measured  and 
found  to  be  two  feet  in  circumference  breast  high,  and  thirty-five 
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feet  high.    The  old  trees  were  apparently  all  removed  by  the  early 
settlers. 

RUTACEAE. 

Xanthoxylv/m  mnericanum  Mill.— The  Prickly  Ash  was  ob- 
served near  Eddyville  on  the  sandy  bluffs  and  also  along  the 
borders  of  timber  in  the  vicinity  of  Moravia. 

CELASTRACEAE. 

Celastrus  scandens  L.— The  climbing  Bittersweet  was  found  in 
the  woods  near  Eddyville.  This  plant  should  commend  itself  to 
cultivation. 

Euonymus  atropurpnreus  Jacq.— The  Burning  Bush  occurs  in 
the  timber  aud  even  comes  up  in  abundance  along  roadsides  in 
the  vicinity  of  Eddyville.  It  is  a  most  desirable  shrub  for  culti- 
vation. 

RHAMNACEAE. 

Rhamnus  lanceolceta  Pursh.— The  native  Buckthorn  was  not 
observed,  but  since  it  occurs  to  the  west  in  Dallas  county  and  also 
in  Boone  county  it  probably  also  occurs  in  Monroe. 

Cea/nothvs  amiericmius  L. — The  New  Jersey  Tea  is  common  on 
the  sandy  bluffs  about  Eddyville. 

VITACEAE. 

Vitis  cinera  Engelm.— The  Downy  grape  was  not  observed, 
but  it  occurs  in  Davis  coimty  along  the  Chariton  river  in  the  vi- 
cinity of  Diff  P.  0. 

F.  riparia  Michx.— Our  Wild  Fox  Grape  is  common  every- 
where in  the  county  near  Moravia,  ffddyville  and  Albia.  Speci- 
mens of  considerable  size  were  observed.  Two  specimens  had  the 
following  measurements,  circumference  (1)  14  inches  at  base  30 
feet  high,  (2)  9  inches  at  base,  15  feet  high. 

Ampelepsis  quinqnefolia  Michx.— The  Virginia  Creeper  is 
common  throughout  the  county  both  in  upland  timber  and  along 
the  large  streams  like  the  Cedar  and  Des  Moines. 

SAPINDACEAE. 

Aesculus  glabra  Willd. — The  Ohio  Buckeye  occurs  along  the 
Des  Moines,  and  probably  also  along  the  other  streams. 


FOREST   TREES    AND   SHRUBS. 


425 


Acer  nigmm. — ^The  Hard  Maple  is  cultivated  in  the  county  and 
may  occur  wild,  but  certainly  not  an  abundant  tree. 

A.  saccharinum. — The  Silver  Maple  is  one  of  the  most  abund- 
ant of  the  forest  trees  in  the  county  in  the  alluvial  bottoms  along 
the  Des  Moines,  Miller  creek  and  Cedar  creek.  It  is  also  exten- 
sively cultivated  in  the  county,  being  one  of  the  most  common 
street  trees. 
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Some  large  trees  are  still  left  in  the  Des  Moines  river  bottom, 
but  the  best  of  the  trees  have  long  since  been  removed.  In  the 
saw-mill  yard  at  Eddyville  there  were  a  few  good  sized  logs  10-12 
feet  long  of  good  timber.  One  log  measured  34  inches  in  diame- 
ter. This  tree  was  one  hundred  years  old.  It  is  propably  fair  to 
assume  that  good  merchantable  timber  of  this  species  may  be  pro- 
duced in  75  years.  In  the  city  of  Pella  in  the  county  to  the  north 
the  writer  measured  a  soft  maple  that  was  12  feet  in  circumfer- 
ence and  65  feet  high.  This  tree  was  set  out  in  1847.  Owing  to 
the  condition  of  growth  the  tree  was  not  a  desirable  one  for  lum- 
ber.   It  shows,  however,  what  the  tree  will  do  under  cultivation. 

Negundo  aceroides  Moench. — The  Box-elder  is  common 
throughout  the  county  along  streams.  It  is  frequently  used  as  a 
shade  tree  in  the  streets. 

ANACARDIACEAE. 

RhiLS  glabra  L.— The  common  Summach  is  common  through- 
out the  county. 

R.  toxicodendron  L.— The  Poison  Ivy  occurs  most  freixuently 
in  the  bottoms  where  it  climbs  some  of  the  tallest  of  trees.  It  is 
also  found  in  upland  woods. 

LEGUMIXOSKAE. 

Aynorpha  canescens,—T\\^  cominou  lead  i)lant  occurs  on  the 
prairies. 

2S  C*  Rtp 
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C.  panicvlata  L.  'Her.— The  white  fruited  dogwood  is  fre- 
quent in  the  county. 

CAPRIFOLICEAE. 

Sambncns  canadensis  L.— The  common  elder  is  comimon  in  low 
grounds  throughout  the  county. 

Viburnum  opulus  L.— The  snowball  is  frequently  cultivated. 

F.  prunifolinm  L.— The  black  haw  was  observed  near  Mo- 
ravia. 

Symphoricarpus  vulgaris  Michx.— The  coral  berry  or  Indian 
currant  is  common  everywhere  on  the  hills  and  dry  sterile  soil. 
Borders  of  woods. 

Lonwera  sempervirens  Ait. — The  trumpet  honeysuckle  is  fre- 
quently cultivated. 

L.  tmiariea  L.— The  Tartarian  honeysuckle  is  frequently  culti- 
vated. 

RUBIACEAE. 

Cephalanthus  occidentalis  L.— The  button  bush  is  common  in 
low  grounds  along  the  borders  of  sloughs. 

OLEACEAE. 

Fraxinns  americana  L. — The  white  ash  is  a  rare  tree  in  the 
county.    It  was  observed  along  Miller's  creek  south  of  Eddyville. 

F.  viridis  Michx.— The  green  ash  is  common  along  streams 
throughout  the  county  and  especially  well  developed  along  the 
Des  Moines.  Measurements  made  of  some  trees  will  be  of  in- 
terest 
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The  following  rate  of  growth  was  made  by  decades  of  the  tree 
at  Eddyville :  First  10  years,  5  inches ;  second  10  years,  6  inches ; 
third  10  years,  6  inches;  fourth  10  yeans,  6  inches;  fifth  10  years, 
6  inches;  sixth  10  years,  5  inches;  four  years,  2  inches. 
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R.  viUo&us  Ait. — The  high  bush  blackberry  occurs  on  the 
sandy  hills  near  Eddyville. 

Rosa  Arkanscma  Porter— The  common  rose  everywhere 
throughout  the  county. 

R.  rubigmosa  L.— This  sweetbriar  is  cultivated  and  rarely  has 
escaped  from  cultivation. 

R.  seiigera  Michx.— The  prairie  rose  is  frequently  cultivated, 
but  scarcely  hardy  without  protection. 

Pyrus  lowensis  Bailey.— The  wild  crab  is  widely  distributed 
in  the  county,  forming  thickets. 

Crataegus  L.— It  is  probable  that  more  species  occur  than  the 
writer  has  been  able  to  detect,  since  it  is  important  to  have  the 
leaves,  flowers  and  fruit. 

C.  mollis  L. — This  is  the  most  conmaon  species  of  the  bottoms 
and  maktes  the  largest  tree  of  the  genus  in  the  county. 

C.  punctata  Jaoq. — This  is  the  most  handsome  of  the  genus. 
The  flat  top,  handsome  foliage,  make  it  a  most  desirable  species 
for  cultivation.    It  is  found  in  bottoms. 

C.  ma/rgaretta,— This  species  is  most  abundant  along  the 
smaller  streams  in  the  southern  part  of  the  county. 

Amela/nchier  camadensis  Torr  &  Gray. — The  service  berry 
was  not  observed  in  the  county,  but  it  occurs  along  the  Des 
Moines  northwest  of  Eddyville. 

SAXIFRAGACEAE. 

Philadelphus  coronaria  L.— The  mock  orange  is  frequently 
cultivated. 

Ribes  gracile  Michx.— The  Missouri  gooseberry  is  abundant 
everywhere  in  clearings  along  streams. 

R.  grossularia.—The  cultivated  gooseberry  is  hardy  and  fre- 
quently cultivated  in  the  county. 

R.  rubrum  L.— The  currant  is  hardy  and  frequently  culti- 
vated. 

R.  anireum  Pursh.— The  Buffalo  currant  is  frequently  culti- 
vated for  ornamental  purposes. 

CORNACEAE. 

Cortms  sericea  L. — The  silky  cornel  forms  thickets  along  road- 
sides and  fences  in  the  northern  part  of  the  county. 
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C.  paniculata  L.  'Her.— The  white  fruited  dogwood  is  fre- 
quent in  the  county. 

OAPRIFOLICEAE. 

Sa/mbucios  canadensis  L.— The  common  elder  is  conimon  in  low 
grounds  throughout  the  county. 

Vihtirnum  opulus  L.— The  snowball  is  frequently  cultivated. 

V.  prunifolhim  L.— The  black  haw  was  observed  near  Mo- 
ravia. 

Symphoricarpus  vulgaris  Michx.— The  coral  berry  or  Indian 
currant  is  common  everywhere  on  the  hills  and  dry  sterile  soil. 
Borders  of  woods. 

Loyiicera  sempervirens  Ait.— The  trumpet  honeysuckle  is  fre- 
quently cultivated. 

L.  tartarica  L.— The  Tartarian  honeysuckle  is  frequently  culti- 
vated. 

RUBIACEAE. 

Cephalanthus  occidentaUs  L.— The  button  bush  is  common  in 
low  grounds  along  the  borders  of  sloughs. 

OLEACEAE. 

Fraxinifs  amierican€b  L. — The  white  ash  is  a  rare  tree  in  the 
county.    It  was  observed  along  Miller's  creek  south  of  Eddyville. 

F,  viridis  Michx.— The  green  ash  is  common  along  streams 
throughout  the  county  and  especially  well  developed  along  the 
Des  Moines.  Measurements  made  of  some  trees  will  be  of  in- 
terest 
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The  following  rate  of  growth  was  made  by  decades  of  the  tree 
at  Eddyville:  First  10  years,  5  inches ;  second  10  years,  6  inches ; 
third  10  years,  6  inches ;  fourth  10  yeare,  6  inches ;  fifth  10  years, 
6  inches ;  sixth  10  years,  5  inches ;  four  years,  2  inches. 
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Syringa  vulgaris  L. 
parts  of  the  county. 


-The  lilac  is  frequently  cultivated  in  all 


BIGNONIACEAE. 


Tecoma  radicans  Juss.— The  trumpet  creeper  is  cultivated, 
but  not  indigenous  so  far  as  I  know. 

Catalpa  speciosa  Warder.— The  catalpa  is  frequently  culti- 
vated and  hardy.  A  tree  measured  in  Albia  was  5  feet  11  inches 
in  circumference  and  fifty  feet  high. 

URTICACEAE. 

Ulmus  fidva  Michx.— The  slippery  elm-  Conunon  on  the  hills. 
One  of  the  older  trees  on  sandy  hills  at  Eddyville  measured  3  feet 
in  circumference  and  35  feet  high. 

Ulmus  Americana  L. — American  elm.  Abundant  throughout 
the  region,  especially  in  low  grounds  along  streams.  A  rapid 
growing  species.  The  following  are  some  measurements  taken  at 
different  points : 
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A  log  at  Eddyville  made  the  following  rate  of  growth,  by  dec- 
ades.: First  13  year?,  4  inches;  second  ten  years,  4y2  inches; 
third  10  years,  41/0  inches;  fourth  10  years,  6  inches;  fifth  10 
years,  4  inches ;  in  the  last  eight  years,  4  inches. 

Ulmus  raccmosG'  Thom.— Corky  bark  elm.  This  species  is  said 
to  occur  along  the  Des  Moines,  but  I  did  not  see  specimens. 

Celtis  occidentahs  L.— Hackberry.  A  frequent  tree  along  the 
bottoms  and  uplands.  The  following  measurement  of  a  large  tree 
growing  in  the  bottoms  was  made  at  Evans:  Circumference,  7 
feet,  2  inches;  height,  70  feet. 
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Moras  rubra  L. — Was  not  observed,  but  a  cultivated  speciiiien 
was  fooiid  at  Albia. 

PLATANAGEAE. 

Plaiimus  occidentalis  L.— Sycamore.  Abundant  along  all  of 
the  streams.  Large  and  unique  trees  are  found  along  the  Des 
Moines  near  Eddyville.  The  bottoms  are  frequently  cleared  leav- 
ing the  large  trees  standing,  surrounded'  by  fields  of  maize.  A 
large  tree  between  Eddyville  and  Harvey  measured  12  feet  in 
circumference  and  75  feet  high.  The  tops  had  been  broken  off 
by  the  winds. 

JTJGIANDACEAE. 

JuffUms  cvnerea  L.— Butternut.  The  butternut  occurs  on  the 
bluffs  and  higher  valleys  throughout  the  region.  The  trees  do 
not  attain  great  size,  a  single  one  of  the  older  trees  measured  had 
a  circumference  of  4  feet  2  inches,  and   height  of  35  feet. 

J.  nigra  L.-— Black  walnut.  The  black  walnut  is  much  more 
abundant  than  the  butternut.  It  occurs  in  the  valleys,  especially 
the  alluvial  bottomi  throughout  the  region.  A  cut  log  had  a  cir- 
cumference of  3  feet  9  iaches,  age  38  years.  A  second  cut  log  had 
a  circumference  of  4  feet,  age  50  years.    The  log  was  10  feet  long. 

Carya  cdba  Nutt.— Shell-bark  hickory.  The  shell-bark  hickory 
is  the  most  common  of  the  genus  in  Monroe  county.  The  fol- 
lowing measurements  were  made: 
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Carya  porcina  Nutt. — ^Pig-nut  The  pig-nut  is  distributed 
over  the  county  in  upland  woods  and  in  the  higher  wooded  val- 
leys. A  second  growth  tree  in  Moravia  measured  2  feet  6  inches 
in  circumference  and  had  a  height  of  45  feet. 
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CUPTJLIFERAE. 

Betvla  nigra  L.— River  Birch.  The  spedes  i®  common  along 
the  Des  Moines.    It  finds  considerable  use  for  lumber. 

Corylus  americana  Walt.— Hazlenut.  Common  throughout 
the  region  in  upland  woods. 

Ostrya  virginica  Wild.— Ironwood.  In  upland  woods  not  in- 
frequent 

Quercus  alba  L.— White  oek.  Occurs  throughout  the  county 
in  upland  woods. 

Q.  macrocarpa  Mickx. — Bur  oak.  The  bur  oak  occurs  chiefly 
in  upland  woods.  It  was  noted  at  Albia,  Moravia  and  Eddy- 
ville.  At  Moravia  the  trees  are  second  growth.  A  few  measure- 
ments were  taken: 


11 

i 

1 

CIRCUMFBRSKCK. 

HEIGHT. 

LOCALITT. 

Breast 
high. 

Base. 

REMARKS. 

Moravia     

Moravia 

.... 

1ft.   8  in. 
11  in. 

12ft.    Bin. 

8  ft. 

35  ft. 
24  ft. 

50  ft. 

^5  ft. 

Black  soil. 
Black  soil. 

Eddyville    

5  Short  tree. 
?  Sandy  poil. 
fia^dv  snJl. 

Eddyville           

Quercus  rubra  L.— Red  oak.  Found  chiefly  in  upland  woods 
and  along  smaller  streams.  The  trees  observed  were  all  second 
growth.  A  tree  at  Moravia  measured  3  feet  2  inches  in  circumfer- 
ence breast  high,  with  a  height  of  45  feet,  probably  40  years  old. 

Q.  imbricaria  Michx.— Shingle  oak.  The  shingle  oak  occurs  in 
scattered  groves  over  the  entire  wooded  section  of  the  county. 
The  trees  are,  however,  small. 

SALICACEAE. 

Salix  nigra  Marsh. — Black  willow.    Along  the  Des  Moines. 

S.  amygdaloides  And.— Along  the  Des  Moines. 

S,  alba  L.  var.  vitellina  Koch. — Commonly  cultivated. 

S.  longifolia  Muhl. — Common  along  streams. 

8.  rostrata  Richards.— This  species  is  rare  in  the  county.  Ob- 
served at  the  base  of  a  sandy  bluff  in  northwestern  part  of  Mon- 
roe county,  near  a  spring. 

S.  humilis  Marsh.— Prairie  willow.  High  banks  along  the  Des 
Moines  river. 
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Populus  alba  L.— White  poplar.  Frequently  cultivated  and 
occurring  as  an  escape  from  cultivation.  A  single  large  culti- 
vated tree  in  Albia,  set  out  about  1869,  measured'  9  feet  9  inches 
breast  high  in  circumference  and  60  feet  high. 

Populus  tremuloides  Michx.— Aspen.  Not  observed  in  the 
county,  but  was  noticed  across  the  border  in  Mahaska  county. 

Populus  monilifera  Ait.— Cottonwood.  The  cottonwood  oc- 
curs throughout  the  county,  usually  along  streams.  The  tree 
grows  rapidly  and  attains  a  large  size.  The  following  measure- 
ments were  made: 


LOCALITY. 

< 

i 

HEIGHT. 

REMARKS. 

Moravia 

EddTville        

aoo 

140 

4  ffc. 
4  ft. 

90  ft. 

Forest  in  bottom. 

Lot'  from  forest  Des  Moines  bottom. 

The  following  table  shows  the  growth  by  decades : 

YEARS. 

INCHES. 

TEARS. 

INCHES. 

YEARS. 

INCHES. 

10 

4 
3 

8 

33i 

10    . 

10 

10.. 

10 

10.. 

10.. 
10  .. 

8 
4 

4 
4 
H 

10 

5 

10 

10 

10 

10 

10 .... 

•  • 

4 
9 

CONIFEREAE. 

Pinus  strohus  L.— White  pine.  This  species  is  occasionally 
cultivated,  but  none  of  the  trees  have  attained  any  size.  A  large 
tree  which  was  set  out  in  1872  had  a  circumference  of  4  feet  5 
inches,  and  a  height  of  50  feet. 

P.  sylvestris  L.— Scotch  pine.  This  species  is  cultivated  more 
frequently  than  the  preceding,  but  it  does  well  only  under  fa- 
vorable conditions.  Some  good  trees  were  observed  in  the  vicin- 
ity of  Eddyville  on  the  sandy  slopes.  Two  of  these  trees  were 
measured.  Circumference,  3  feet  8  inches;  height,  38  feet.  A  sec- 
ond tree  on  Mr.  Long's  place  measured  5  feet  6  inches  in  circum- 
ference and  40  feet  in  height.  They  were  set  out  in  1867.  The 
trees  are  apparently  healthy,  in  fact  are  as  good  as  any  I  have 
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seen  in  the  state.  The  ground  is  underlain  with  a  fine  sand 
with  an  abundance  of  moisture.  Numerous  springs  occur  at 
the  base  of  the  hill. 

P.  austriaca  Hoss.— Austrian  pine.  The  Austrian  pine  is  fre- 
quently cultivated,  but  there  are  not  nearly  so  many  specimens!  as 
of  the  Scotch  pine. 

Thuya  occidentaUs  L.— Arbor  vitae.  Mr.  De  Long  set  out 
quite  a  group  of  Arbor  vitae  on  the  northwest  slope  of  his  place 
in  sandy  soil  in  1867.  The  trees  have  done  remarkably  well,  far 
better  than  the  balsam.  Three  trees  were  measured,  but  they 
show  but  little  range.  Circumference  1  foot  10  inches,  35  feet 
high ;  circumference  1  foot  8  inches,  32  feet  high ;  circumference 
1  foot  11  inches,  35  feet  high.  , 

Jufiiperu^  virginicma  L.— Red  Cedar.  The  red  cedar  is  fre- 
quently planted.  I  saw  no  native  trees,  but  old  settlers  tell  me 
that  they  occurred  on  Cedar  creek. 

Picecb  excelsa  Link.— Norway  spruce.  Here  as  elsewhere  in 
the  state  the  Norway  spruce  was  one  of  the  few  conifers  set  out 
in  early  days.  It  is  not  a  valuable  tree  except  under  favorable 
conditions.  Mr.  De  Long's  place  is  a  favorable  one.  The  sandy 
soil  and  the  sheet  of  water  below  make  it  a  good  location.  A  few 
measurements  show  that  a  good  growth  has  been  made;  circum- 
ference 6  feet,  height  55  feet.  Trees  set  out  in  1867.  A  second 
tree  had  a  circumference  of  4  feet  4  inches,  60  feet  high.  Set  out 
in  1867. 

Abies  halsmnea  Miller.— Balsam  fir.  Like  the  spruce  the  early 
settlers  planted  this  species  but  it  is  less  satisfactory  than  the 
Norway  spruce.  Few  of  the  trees  remain.  Mr.  De  Long^s 
place  is  favorable,  but  of  the  numerous  trees  set  out  but  three  re- 
main. One  was  dead,  one  partially,  and  one  still  green.  Meas- 
urements of  the  three  trees  were  as  follows:  Circumference  3 
feet;  height  35  feet;  circumference  2  feet;  height  40  feet;  cir- 
cumference 3  feet;  height  40  feet.  These  trees  were  set  out  on 
a  sandy  slope  in  1867. 


I>7tt 


AND 

L-E.  YOUNa 


t 


AMUf^M 


^  ^  HHummmtm 


L  IC  G  K  N  i:) 

GEOLOGICAL  FORMATIONS 


nrq  MniMcc 


INDEX. 


Abies  balsameat  433. 
Acer  sachharinum,  114,  425. 
saccharunif  114. 
negundo,  114. 
nigrum^    425. 
Acervularia  davidsoni,  50,  51,  54,  274. 

profunda,  271,  272,  273. 
Acervularia  profunda  beds,  271. 
Administrative   reports,   9. 
Aesculus   glabra,   424. 
Aftonian  forests,  291. 
Albia,  elevation  of,  359. 
Allen  quarry,   277. 

AUoriaina  subcuneatum,  137,  150,  160. 
Alluvium.  70,  175,  244,  380. 
Altamont  moraine,  92,  93,  96. 
Alta  Vista,  elevation  of,  267. 
Alveolites  rockfordensis,  322. 
Ambocoelia    planoconvexa,    136,     137. 

139,  141,  142,  146,  147,  152,  160. 
Amelanchier  canadensis,  427. 
rotundifolia,  117. 
American  Elm,  118. 
Ammodiscus,  152,  160. 
Amorpha  canescens,  425. 
fruticosa,   426. 
Ampelopsis  quinquefolia,  113,  424. 
Analyses  of  coal,  414. 

Lithographic    limestone, 
346. 
Anderson,   elevation  of,   131. 
Ante-glacial   silt,   165. . 
Appanoose  beds,  376. 
Arbor  vitae,  433. 
Archaeocidaris,  138,  160. 

aculeata,  160. 
edgarensis,    136. 
Arey,  F.  M,,  338. 
Arrow-wood,   117. 
Asaphus,  46. 
Ash-leaved  Maple,  114. 
Athyris  bed,  319,  320,  321. 
Athyris  crassicardinalis,  227. 

vittata,  314,  315,  320,  321,  322. 


Atrypa  aspera,  50,  53,  56,  57,  271,  272. 
hystrix,  57. 
occidentalism  57,  270. 

.      Beds,    270. 
reticularis,  50,  53,  55,  57,  60, 
271,  272,  277,  320,  321,  322. 
Austrian  Pine,  433. 
Avery  creek   district,   383. 
Avicula  longa,  150,  160. 
Aviculopecten,  139,  160. 

whiteyi,  156,  160. 
Aviculopinna  americana,  150,  160. 
Axopyllum  rude,   146.   160. 

Ballast,  burnt  clay,  416. 

Balsam  fir,  433. 

Bartlett,  elevation  of,  131. 

Bartlett  quarry,  317. 

Bassett,  elevation  of,  267. 

Basswood,  112,  423. 

Bellerophon   carbonaria,  138,  145,  160. 

marcouanus,  156,  160. 

montfortianus,  153,   160. 

panneus,   227. 
Bently,   C.   B.,  brickyard,   251. 
Berlin,  elevation  of,   203. 
Betula  nigra,   431. 
Beyer,  S.  W.,  224. 
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county,  355. 
Work  of,  11. 
Bifldaria  armifera,   170. 

pentodon,  172,  173. 
Bishop  quarry,  271,  288. 
Black  haw,  117. 
Locust,  116. 
Walnut.   119.   430. 
Blodgett  quarry,   215. 
Bluff   creek    district,   394. 
Box  Elder.  114. 
Breccia,  316. 
Brickyards — 

Bentley,   C.   B.,   251. 
Brown,  A.  E.,  179. 
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Carmen,  C.  W.,  179. 
Carter,  S.  O.,  179. 
Gelham    Bros.    Brick    Co. 

252. 
Gladbrook    Pressed    Brick 

&  Tile  Co.,  251. 
Hall,  G.  L.,  179. 
Iowa   Institution   for  Fee- 
ble    Minded      Children. 
179. 
Johnson,  D.  C,  179. 
Johnson,    Fred,    179. 
Johnson,  Johm,  179. 
McMillin,  J.  W.,  179. 
Stone,   X.,   179. 
Traer    Brick    &    Tile    Co., 

252.  • 
Weatherhead,  John,  179. 
Weld,  John,  250. 
Bridge's  well,   155. 
Brompton,    elevation   of,    359. 
Brown  quarry,  275. 
Buchanan    gravels,    31,    34,    36,    64-68, 
280,    281,    282,    283,    326, 
327. 
Esker  of,  66. 
Genesis  of,   67. 
Buckthorn,    424. 

Building  stone,  Chickasaw  county,  288. 
Fremont  county,  177. 
Hancock  county,  107. 
Howard  county,  74. 
Kossuth  county,  107. 
Mills  county,  177. 
Mitchell   coutly,   331. 
Monroe  county,  418. 
Tama  county,  248. 
Winnjehp^go       county, 
107. 
Burning  Bush,  424. 
Burnt  clay  ballast,  416. 

Machine,    417. 
Butlerville  quarry    £14,  230. 
Button-bush.    118. 
Butter-nut.  120.  430. 
Buxton,  elevation  of,  359. 

Calcareous   tufa,   176. 
Calorimetric  tests  of  coal,  414. 
Calvin  S. 

Administrative    report,    li. 
Geology  of  Chickasaw  coun- 
ty,   257. 
Howard    county, 

23. 
Mitchell    county, 
295. 
Camarophoria  caput  testudinis,  227. 


Camcroccras  proteiforme,  43. 
CampophyUum  torquium,  160. 
Capulus  pdralinus,  227. 
vomerium,  227. 
Carboniferous,  Lower,  213,  363. 

Upper,  228. 
Carya  alba,  130,  430. 

porcina,   430. 
Catalpa  speciosa,  429. 
Chaenomya  leavenioorthensis,  137,  160. 
Chandler  cliff  section,  313. 
Chariton  conglomerate,  376. 
Chelsea,  elevation  of,  203. 
Chemical  work  of  survey,  20. 
Chenomya  minnehaha^  160. 
Chickasaw  county,  geology  of,  257. 
Buchanan  gravels,  280. 
Devonian  system,  zb8. 
Drainage,   266. 
Economic    products,    288. 
Elevations,    266. 
Geological  formations,  268 
lowan   drift,    283.   ' 
Kansan  drift,  279. 
Physiography,  261. 
Pleistocene   system,   279. 
Soils,   287. 
Stratigraphy,  267. 
Topography,    261. 
Water  power,  291. 

Supplies,  290. 
Chickasr*w  quarries,  272. 
Choke  Cherry,   426. 
Chonetes    granuHfera,    136,    138,    142, 
148,    153,    160. 
iUinoisensis,  226. 
loganu   223,   226. 
vernuiliana,  139,  148,  160. 
Ghonopectus  fischeri,  226. 
Ceanothns  americanus,  113,  424. 
Cedar  creek  district,  387. 

River.  297,  298,  303,  305,  306. 
Valley  stage,  212. 
Gelastrus  scandens,  112,  424. 
Celtis  occidentalism   119,   429. 
Centerville  coal  seam,  376. 
Central    Coal   Company,    drill    section 

of.    369. 
Cephalanthus  occiientalis,   118,   428. 
Cercis  canadensis,  426. 
Cladopora  proHfera,  271. 
Clark,   elevation  of,   131. 
Clarke,    Dr.   J.   M.,   183. 
Clays,  Chickasaw  county,  288. 
Fremont  county,  178. 
Hancock  county,  108. 
Howar'i  co^ntv.  76. 
Kossuth  county,  108. 
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Mills  county,  178. 
Mitchell  county,  333. 
Monroe  county,  415,  416. 
Tama  county,  250. 
Winnebago  county,  107. 
Clays,  Monograph  on,  11,  12. 
Clayton  county,  building  stone  in,  15. 
Field  work  in,  14. 
Glass  sand  in,  15. 
Topographic  map     of, 
15. 
Climbing   Bittersweet,   112,   424. 
Coal,  analyses  of,  414. 
Basins,  382. 

Avery     Creek      (district 

383. 
Bluff  Creek  district.  394. 
Cedar      Creek      district. 

387. 
Foster  district,   384. 
Hilton    district,    390. 
Hiteman   district,   385. 
Hocking   district,   387. 
Miller     Creek     district, 
394. 
Fremont  county,  178. 
Heat  value  of,  414,  415. 
Industry,  early  history  of,  380. 
Measures,    363,    365,   377. 

Drill  hole  sections  of,  369-373. 
Mills  county,  178. 
Coal    Mines — 

Bridgeport,  382. 
Contral  Coal  Co..  382. 
Consolidation  Coal  Co.,  394-398. 
Davis,    382. 

Deep  Vein  Coal  Co.,  387. 
Frederick  Coal  Co.,   384. 
Hocking  Coal  Co.,  387,  388.  389. 
Little  Hoover  Coal  Co.,  382. 
Smoky  Hollow  Coal  Co.,  383. 
Star  Coal  Co..  387. 
Wapello  Coal  Co..  385,  386. 
Whitebreast  Fuel  Co.,  390-394. 
Coal  Mining  Methods — 
Cages.  410. 
Drainage,   408. 
Drilling,  398. 
Haulage,   408. 
Market,    412. 
Opening  the  mine,   402. 
Power  plant,  411. 
Systems  of  mining,  404. 
Transportation,  412. 
Tracks  underground,  410. 
Top  works,  4ix. 
Ventilation.   406. 
Coal,   Mitchell  county,    178. 
Monroe   county.   380. 


Price  per  ton,  381. 
i^roduction  of  Iowa,  381. 

Monroe  county,  381. 
Seams,   number   of,    375. 
Thickness.    375. 
Coalfield,  elevation  of,  359. 
Cochlicopa  lubrica,  172,  173. 
Concretionary  sandstone,  374. 
Conglomerate,  Chariton,  376. 
Conocardium  pulchellum,  227. 
Consolidation  Coal  Co..  394-398. 

Drill  section  of,  369. 
Contact  of  Devonian  with  Maquoketa, 

25,    38. 
Cornel-bush,  117. 
Cornu3  circinata,  117. 

paniculata,  117,  427,  428. 
scricea,  427. 
Coryjus  ar.iericana,  120,  431. 
Cottonwood,  432. 
Crab-apple,  116. 

Crcspedophyllum  strictum,  272. 
Crataegus f  427. 

crus-galli,  116. 
margaretta,  427. 
mollis,  116,  427. 
punctata,  116,  427. 
tomentosa,   116. 
Cretacious  system,  161. 
Croft  quarry,  55,  60.  61,  75. 
Crystal  lake,  89,  90,  97.  111. 
Cyrtina  hamiltonensis,  50,  51. 
tystiphyllum  americaniim,  271. 
Cythere,  145. 
I 

I    Dakota  sandstone,  162. 
Davy  Burnt  Clay  Ballast  Co.,  416,  417. 

418. 
Deformations,  330. 
Deep    well.    Hospital    for    Insane    at 

Cherokee,  17. 
Deep   wells,   132,   133. 
Derbya  crassa,  136,  138,  139,  142,  146, 
152,   153,  161. 

ro'busta,  161. 
Des  Moines  stage,  228,  363,  365,  377. 
Deer  creek,  207. 
Devon,    elevation    of,    267. 
Devonian,  Acervularia  profunda  beds, 
271. 
Atrypa    occidten talis    beds, 

270. 
Gypidula  comis  beds,  269. 
Idiostroma  beds,   273. 
Intermediate  beds,   275. 
Lithographic  beds,    274. 
Magnesian  beds,  277. 
Spirifer     parryanus     beds. 
273. 
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Devonian,  contact  of,  with  Maquoketa, 

25,   38. 

Dolomitic  phase  of,  38,  49. 

General  section  of,  62,  279. 

Overlap  of,  on  Maquoketa, 

25,  38. 
System,  49-62,  212,  268-278 
310-326. 
Dexiohia  ovata,  223. 
Devil's  Anvil,  219. 
Diamond  drill,  398,  399,  400,  401. 
Dielaaama  alleit   226. 

boviden8,    161. 
ioioensis,   322. 
Dlnsdale,  elevation  of,  203. 
Diplograptus  pristis,  46. 
putillus,   46. 
quadrimucronatuSf  46. 
Discina  convexa,  138. 
Dogwood,   117. 

Dolomitization  of  Devonian,  38,  49. 
Downy  Grape,  424. 
Drainage,  Chickasaw  county,  266. 
Fremont  county,  130. 
Hancock  county,  95. 
Howard  county,  36. 
Kossuth  county.  95. 
Mills  county,  130. 
Mitchell  county,  306. 
Monroe  county,  359. 
Tama  county,   203. 
Winnebago  county,  95. 
Drainas^e  of    northeasitrti   Iowa.   '370. 

298.  2^*\) 
Driftless  area,  15. 
Drilling    398. 

Drill  hole  sections,  369-373. 
Dudley,  elevation  of,  359. 
Dunes,    sand,    380. 
Dysart  elevation  of,  203. 

Eagle  lake,  89. 

Economic  products,  Chickasaw  county, 

288. 
Fremont     county, 

177. 
Hancock      county, 

107. 
Howard        county, 

74. 
Kossuth      county, 

107. 
Mills   county,    177 
Mitchell       county, 

331. 
Monroe       county, 

380. 
Tama  county,  247 
Winnebago    coun- 
ty, 107. 


Eddyville,  elevation  of,  359. 

Section,  364. 
Elder-berry,   117. 
Elder-bush,  117. 
Elberon,  elevation  of,  203. 
Eimerson,  elevation  of  131. 
EntoUum  aviculatum,  139,  161. 

circulus,  224. 
Eocidaris  hallanua,  145,  156,  160. 
Erisocrinus  typus,  136,  160. 
Esker  ( f  Buchanan  gravel,  66. 
Euomphalus  cyclostomua,  56,  274. 

rugosus,  13«,  145,  160, 
Eupachycrinus    verrucosus,    136,    V^H, 

160. 
Euonymus  atropurpureus,  424. 

Farrag^it,  elevation  of,  131. 
Favosites  alpenensis,  50,  54,  55,  271. 
Fenestella,  148,  161. 
Field  corps  11. 

Fistulipora  nodulifera,  136,  160. 
Five-leaved   Ivy,   113. 
Flood  plains,  202. 
Folds  in  Devonian  beds,  323. 
Forest  City,  moraine  at,  99. 
Foreston  quarry,  52,  75. 
Forest  trees,  Hancock  county,  110. 
Kossuth  county,  110. 
Monroe  county,  423. 
Winnebago  county,   110. 
Fossils  of  Kinderhook  beds,  223,  224, 
226,   227. 

Missouri  beds,  160,  161. 
Foster  district,  384. 
Foster,  elevation  of,  359. 
Fraxinus  americana,  118,  428. 

viridis,  118,  428. 
Frederick,  elevation  of,  359. 
Frederika,  oil  at,  14,  18. 
Fredericksburg,  elevation  of,   267. 
Fremont  county,  geology  of,  125. 

Alluvium,   175. 

Ante-glacial   silt,  165. 

Area,  126. 

Building  stone,  177. 

Bowlder  clay,   166. 

Carboniferous   system,   135. 

Clays,    178. 

Coal,   178. 

Cretaceous   system,   161. 

Deep  borings,   132. 

Drainage,   130. 

Economic   products,   177. 

Elevations,    131. 

Geological   formations,   132. 

Geological    structure,    176 

Glacial  scorings,  176. 
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